(19) 


J) 


Europfiteche* Patentamt 
European Patent Office 
Office europeen dee brevets 


(12) 


EP 0 502 749 B1 

EUROPEAN PATENT SPECIFICATION 


(45) Date of publication and mention 
of the grant of the patent: 
04.02.1998 Bulletin 1998/06 

(21) Application number 92301951.7 

(22) Date of filing: 06.03.1992 


(51) Intel A H01L 29/772, H01L 29/41, 
H01L 29/43, H01L 21/336 


(54) Gate structure of field effect device and method for forming the same 

Gatestruktur einer FekJeffektanordnung und Verfahren zur Herstellung 
Structure de grille cfun dispositif a effet de champ et sa methode de fabrication 


(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 06.03.1991 JP 65418/91 
11.05.1991 JP 135569/91 

(43) Date of publication of application: 
09.09.1992 Bu Hot in 1992/37 

(73) Proprietor. SEMICONDUCTOR ENERGY 
LABORATORY CO., LTD. 
Atsugf-shl Kanagawa-ken, 243 (JP) 

(72) Inventors: 

• Yamazakl, Shunpei 
Setagaya-ku, Tokyo 157 (JP) 

• Mase, Aldra 
AlchWcen 444 (JP) 


00 

o 

CM 

O 

jJJ Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 

0 notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 

_ a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 


• Hamate n I, Toshljl 
Kanagawa-ken 243 (JP) 

(74) Representative: Mllhench, Howard Leslie et al 
R.G.C. Jenkins & Co. 
26 Caxton Street 
London SW1 H 0RJ (GB) 


(56) References cited: 
EP-A- 0 225 426 
EP-A- 0 329 482 


EP-A- 0 301 463 


• PATENT ABSTRACTS OF JAPAN vol. 1 1 , no. 1 74 
(E-513)4 June 1887&JP-A-62 008 573 

• Patent Abstracts of Japan, vol. 13, 468 and 
JP-A-1 183 653 


UJ 


99(1) European Patent Convention). 


Printed by Jouve, 75001 PARIS (FR) 


1 

Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconductor 
device and a method for forming the same. More partic- 
ularly, the present invention relates to a thin film transis- 
tor applicable to liquid crystal electro-optical devices, 
contact type image sensors, and the like. 

Description of the Prior Art 

Insulated gate field effect semiconductor devices 
known to the present have been widely applied to vari- 
ous fields. Such semiconductor devices comprise a sil- 
icon substrate having integrated thereon a plurality of 
semiconductor elements so that the devices may func- 
tion as Integrated circuits (ICs) and large scale integrat- 
ed circuits (LSIs). 

In addition to the insulated gate field effect semicon- 
ductor devices of the type mentioned above, there is an- 
other type of such insulated gate field effect semicon- 
ductor devices which comprises a thin film semiconduc- 
tor formed on an insulator substrate, rather than a silicon 
substrate. Those thin film insulated gate field effect sem- 
iconductor devices (referred to hereinafter as TFTS) are 
now more positively used, for example, in liquid crystal 
electro-optical devices as switching elements of pixels 
and driver circuits, and in read-out circuits of contact 
type image sensors and the like. 

Those TFTs are produced, as mentioned above, by 
laminating thin films on an insulator substrate by a vapor 
phase process. This process can be conducted in an 
atmosphere controlled to a temperature as low as about 
500°C, or even lower. Moreover, low cost substrates 
such those made of soda-lime glass and borosilicate 
glass can be utilized in those TFTs. Thus, the insulated 
gate field effect semiconductor device of the latter type 
are advantageous in that they can be fabricated using 
low cost substrates, and that they can be readily scaled 
up by depositing the thin films on a substrate having a 
larger area with the only limiting factor being the dimen- 
sion of the apparatus in which the thin films are vapor- 
phase deposited. Accordingly, application of such insu- 
lated gate field effect semiconductor devices to liquid 
crystal electro-optical devices having a large pixel ma- 
trix structure or to a one- or two-dimensional image sen- 
sors has been expected, and, in fact, a part of such ex- 
pectations has been met already. 

A representative structure for the latter type of TFTs 
is shown schematically in FIGS. 2 and 6. 

Referring to FIG. 2, a typical structure of a conven- 
tionally known TFT is explained. In FIG. 2, a thin film 
semiconductor 2 made of an amorphous semiconductor 
is deposited on a glass insulator substrate 1 , and the 
thin film 2 comprises on the surface thereof a source 
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area and a drain area 3, source and drain contacts 7, 
and a gate 11. 

Those types of TFTs comprise, as mentioned 
above, semiconductor layers having deposited by a va- 
s por deposition process. Since the electron and hole mo- 
bilities of the semiconductor layers in those TFTs are 
significantly low as compared with those of the conven- 
tional ICs and LSIs, it has been customary to subject the 
semiconductor layer 2 to a heat treatment for the crys- 

io tallization thereof. 

In a conventional TFT as shown in FIG. 2, the gate 
11 is covered with a relatively thick interlay er insulator 
film 4 such as a silicon nitride film and a silicon oxide 
film, andtothis interlayer insulatorfitm are provided con- 
's tact holes by a photolithographic process. The source 
and drain contacts 7 are electrically connected with 
source and drain areas 3. If feeding points to the source 
and the drain were to be provided at such positions, the 
distance L between each of the feeding points and the 

so channel end becomes considerably long. 

As mentioned earlier, the TFTs fabricated by a thin 
film deposition process at low temperatures are signifi- 
cantly low in the carrier mobility. Even upon doping an 
impurity, the still low conductivity produces a resistance 
within this distance L. Accordingly, the conventional 
TFTs suffer poor frequency characteristics and increase 
in ON circuit resistance. Furthermore, the area neces- 
sary for a TFT increases inevitably with increasing 
length of L. This made it difficult to accommodate a pre- 

30 determined number ol TFTs within a substrate of a lim- 
ited dimension. 

In FIG. 6, a thin film semiconductor 102 composed 
of an amorphous semiconductor is deposited on a glass 
insulator substrate 1 01 , and the thin film 102 comprises 

35 on the surface thereof a source and a drain area 103, 
source and drain electrodes 107, and a gate 111. 

The TFTs of this type in general are produced by 
first depositing a semiconductor film on the substrate, 
and, by patterning, forming island-like semiconductor 

*o areas 1 02 on the desired parts using a first mask. Then, 
an insulating film and further thereon a gate material are 
formed, from which a gate electrode 111 and a gate in- 
sulating film 1 06 are obtained by pattern ing using a sec- 
ond mask. A source and a drain area 103 are estab- 

45 lished on the semiconductor areas 1 02 in a self-aligned 
manner, using the gate electrode 111 and a photoresist 
formed using a third mask as masks. An interlayer insu- 
lator film 104 is formed thereafter. To this interlayer in- 
sulator film are provided contact holes using a fourth 

so mask, so that the contacts may be connected to the 
source and the drain through those contact holes. A con- 
tact material is provided to the resulting structure there- 
after, which is patterned to form contacts 107 using a 
fifth mask. Thus is obtained a complete TFT. 

ss Japanese patent appl ication no. JP-A- 1 1 83853 de- 
scribes an insulated gate metal oxide field effect tran- 
sistor having a side surface of the metal gate anodised 
to prevent a short circuit between the metal gate and 
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doped silicon regions. 

As can be seen from the foregoing description, a 
TFT in general requires five masks to complete a struc- 
ture, and in a complementary TFT. six masks are nec- 
essary. Naturally, a more complicated IC should incor- 
porate further more masks. The use of increased 
number of masks involves a complicated process for 
fabricating a TFT element, which accompanies frequent 
mask alignment steps. Such a complicated process in- 
evitably results In a lowered yield and productivity of the 
TFT elements. The demand for larger electronic devices 
using the TFT elements, for making the TFT elements 
themselves more compact, and for finer patterning, 
makes the yield and productivity even worse. Thus, it 
has been desired to develop a simpler process which 
involves no complicated steps, and a TFT based on a 
novel structure which requires less masks. 

SUMMARY OF THE INVENTION 

The present invention aims to provide a semicon- 
ductor device based on a novel structure. 

It is also desired to provide an insulated gate field 
effect semiconductor device having each of the feeding 
points for source and drain in proximity to the channel 
region at a shorter distance to the channel ends. 

Another aim of the present invention is to provide a 
method for forming semiconductor devices using less 
masks. 

According to one aspect of the present invention, 
there ts provided a method of manufacturing a semicon- 
ductor device comprising: forming a semiconductor lay- 
er on an insulating surface; forming a gate insulating lay- 
er on said semiconductor layer; forming a metal gate 
electrode on said gate insulating layer; anodic oxidizing 
side surfaces of said gate electrode to form an anodic 
oxide layer comprising said gate metal thereon; and in- 
troducing dopant impurities into portions of said semi- 
conductor layer in a self-aligned manner with respect to 
said gate electrode and said oxide layer, thereby form- 
ing source and drain impurity doped regions in said sem- 
iconductor layer and a channel region therebetween; 
wherein the formation of said oxide layer provides offset 
regions in said channel region adjacent said oxide layer, 
characterised in that said step of anodic oxidizing in- 
cludes anodic oxidizing upper surfaces of said gate 
electrode and in that, said method further comprises 
controlling the size of said offset regions by controlling 
the thickness of said oxide layer. 

According to another aspect of the present inven- 
tion, there is provided a semiconductor device compris- 
ing: a semiconductor layer on an insulating surface, said 
semiconductor layer comprising source and drain impu- 
rity doped regions and a channel region therebetween; 
a gate insulating layer on said semiconductor layer, a 
metal gate electrode on said gate insulating layer adja- 
cent to said channel region; an anodic oxide layer com- 
prising said gate metal formed on side surfaces of said 
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gate electrode; wherein said channel region includes 
offset regions adjacent said anodic oxide layer, said 
anodic oxide layer being also formed on upper surfaces 
of said gate electrode and the size of said offset regions 

£ being determined by the thickness of said oxide layer. 

A feature of an insulated gate field effect semicon- 
ductor device embodying the present invention is that 
the TFT comprises a metal gate electrode having a film 
of an anodically oxidized gate electrode material provid- 

10 ed on upper and side surfaces thereof. Another feature 
of an insulated gate field effect semiconductor device 
embodying the present invention is that contact holes 
for the extracting contacts of the source and drain sem- 
iconductor regions are provided at about the same po- 

is srtion of the end faces of the anodically oxidized film es- 
tablished at the sides of the gate electrode. 

To improve the carrier mobility in the semiconductor 
layer, if necessary, the substrate having deposited ther- 
eon a silicon semiconductor film containing hydrogen 

so therein may be subjected to thermal treatment to there- 
by modify said semiconductor film into such having a 
crystalline structure. Furthermore, to minimize the dis- 
tance L between the feeding points and the channel 
ends, the metal gate electrode is provided, e.g., an alu- 

2S minum gate electrode, and the outer (peripheral portion) 
of this gate electrode is oxidized to form on the side 
thereof a metal oxide film, e.g., an aluminum oxide film. 

Furthermore, the gate electrode together with the 
aluminum oxide film surrounding said gate electrode 

SO may be used as a mask to form contact holes for the 
extract contacts of the source and the drain with a side 
surface of the contact hole located substantially on a 
side surface of the aluminum oxide film in a sett -aligned 
manner. An embodiment of the present invention pro- 
as vides, as is shown in the schematic cross sectional view 
of FIG. 1 , a TFT comprising a metal gate electrode 6 
having on upper and side surfaces thereof an oxide lay- 
er 10 comprising the metal, e.g. an aluminum oxide lay- 
er, to which source and drain electrodes 7 (contacts for 

40 a drain and a source) connected to the source and drain 
semiconductor regions respectively are provided ap- 
proximately at the end of the oxide layer The source 
and drain electrodes 7 are connected to the source and 
drain semiconductor regions 3. By taking such a con- 

45 struct ton, a shorter distance L between said feeding 
points and the channels has been achieved. In Fig. 1 , a 
channel is located adjacent to the gate electrode 8 be- 
tween the source and drain semiconductor regions 3 un- 
der a gate insulating film 6. In Fig.1 . the gate insulating 

so film 6 Is provided between the channel and the gate 
electrode 8. In Fig. 1 , a side of at least one of the source 
and drain electrodes 7 is substantially aligned with a 
side of the oxide layer 10. In Fig.1, the oxide layer is in 
contact with the gate electrode and at least one of the 

ss source and drain electrodes. In Fig. 1 , a side of the 
source semiconductor region is aligned with a side of 
the oxide layer and also a side of the drain semiconduc- 
tor region is aligned with a side of the oxide layer. 
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Ideally, it is favorable to reduce the distance L to 
zero from the viewpoint of lowering the resistance (in 
FIG. 1. indeed, the distance L is approximately zero). 
However, difficulties ascribed to process technology, for 
example, a small extension of the source and the drain 
semiconductor regions under the gate, hinder achieve- 
ment of a complete zero. Nevertheless, a shorter dis- 
tance L still promises a considerable effect in reducing 
the resistance. 

In the embodiment exemplified by FIG. 1, the alu- 
minum oxide film around the gate electrode is estab- 
lished over the side and the upper plane of the gate elec- 
trode, i.e., over the whole outer plane exposed to the 
outside. The provision of the aluminum oxide film over 
the side of the gate electrode advantageously shortens 
the distance L. As the aluminum oxide film is provided 
to the whole outer surface as is shown in FIG. 1, this 
film can be used as it is as a part of a mask at the fab- 
rication of the contact holes, because the aluminum ox- 
ide film is hardly etched. Furthermore, other wiring, e. 
g., a wiring for the source electrode, may be crossed 
over this aluminum oxide film to establish a three-dimen- 
sional wiring which facilitates the later process steps for 
integration. 

in an insulated gate field effect semiconductor de- 
vice embodying the present invention, what is meant by 
providing the contact holes for the extract contacts of 
the source and the drain in an approximately the same 
position as that of the ends of the gate electrode and the 
aluminum oxide film, is a structure resulting upon for- 
mation of contact holes in a se if -aligned manner using 
the ends of the gate electrode and the aluminum oxide 
film, as well as a structure having a slight positional de- 
viation in the case of using masks at the positioning, as- 
cribed to the incomplete alignment of the masks. Refer- 
ring to FIG, 1 , for example, the edge portion of the insu- 
lator film 9 is sometimes displaced from the end of the 
aluminum oxide at the mask alignment when the contact 
portion alone is intended to form. Such a case is includ- 
ed in the latter case mentioned hereinbefore. In the 
former case taking advantage of the aluminum oxide 
film as a mask, i.e., in the case of extending the etching 
area of the insulator film up to the gate, the insulator film 
9 can be completely removed from the gate, and the end 
of the source or the drain is certainly aligned with that 
of the aluminum oxide film 10 to result in a shortened 
distance l_ 

The aluminum oxide may be provided around the 
gate electrode by anodically oxidizing said gate elec- 
trode. The anodic oxidation process comprises applying 
an electric current to a metal gate electrode having 
dipped in an acidic solution to oxidize the surface thereof 
by an electrochemical reaction. There may be used oth- 
er processes, provided that the oxide film has a dense 
structure and that the oxidation can be effected rapidly. 

Another feature of an insulated gate field effect 
semiconductor device embodying the present invention 
is that it comprises a TFT gate electrode surrounded by 


an anodically oxidized film of the same material consti- 
tuting the gate electrode, with the contacts (source and 
drain electrodes) connected to the source and the drain 
being brought into contact with the upper planes and the 
5 sides of the source and the drain each, and that the con- 
tacts (source and drain electrodes), connected to each 
of the drain and the source regions, extend on the upper 
surface of the oxidized film surrounding said gate elec- 
trode. 

io As shown in the schematically shown cross section- 
al view of FIG. 5, a TFT embodying the present invention 
comprises an anodically oxidized film 11 0 at least as the 
surroundings of the gate electrode 108 comprising a 
metal, with the upper planes and the sides of the source 

1$ and drain semiconductor regions slightly sticking out 
from the ends of said anodically oxidized film. The 
source and drain semiconductor regions are connected 
to the contacts 107 (source and drain electrodes) 
through these slightly sticking out portions (that is, the 

so upper planes and the sides of the source and drain sem- 
iconductor regions) to make the area of connection larg- 
er. Furthermore, the contacts 107 are extended over the 
upper portion of the anodically oxidized film 110, at 
which they are patterned into separate electrodes. In 

2$ Fig. 5, a channel is located adjacent to the gate elec- 
trode 108 between the source and drain semiconductor 
regions 103 under a gate insulating film 106. In Fig.5, 
the gate insulating film 106 is provided between the 
channel and the gate electrode 1 08. In Fig.5, saidanod- 

30 icalry oxidized film 110 is provided between the gate 
electrode 108 and the source and drain electrodes 107. 

Referring to FIG. 7, a fabrication process for the 
TFT according to an embodiment of the present inven- 
tion and having the structure illustrated in FIG. 5 is ex- 

35 plained. The Fl G. 7 is provided as an explanatory means 
and the details concerning dimension and shape are a 
little different from those of the actual device. 

First, as in FIG. 7 (A), on a glass substrate, a. g., a 
substrate of a heat-resistant crystallized glass 101, is 

40 deposited a semiconductor layer 1 02. The semiconduc- 
tor layer, e. g., a silicon semiconductor layer, may be an 
amorphous semiconductor, a pofycrystalline semicon- 
ductor, or any other selected from a wide variation, and 
may be deposited by processes such as a plasma-as- 

45 sistsd CVD (chemical vapor deposition), sputtering, and 
pyrotytic CVD, depending on the type of the semicon- 
ductor used. In the following explanation, the process 
steps are described according to a case in which a poly- 
crystalline silicon semiconductor is used. The next step 

so in the fabrication process comprises forming a silicon 
oxide film 106 on the semiconductor layer 102, so that 
the silicon oxide film 1 06 may function as the gate insu- 
lating film. Further on the silicon oxide film is formed an 
contact material layer, an aluminum layer in this case, 

ss from which a gate electrode is established. The contact 
material layer is then patterned into the gate electrode 
108 using a first mask© . An anodically oxidized film is 
provided as a surrounding of the gate electrode 108, by 
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conducting an anodic oxidation in an electrolyte for the 
anodic oxidation. A pore-free aluminum oxide 110 can 
be provided at least at the vicinity of the channel region 
to the surrounding of the gate electrode, as illustrated 
in FIG.7 (B). 

The electrolyte to be used in the anodic oxidation 
includes, representatively, strong acid solutions of, such 
as sulfuric acid, nitric acid, and phosphoric acid, as well 
as mixed acid comprising tartaric acid or citric acid, hav- 
ing added therein ethylene glycol or propylene glycol or 
the like. The solution (electrolyte) may be further mixed 
with a salt or an alkaline solution to adjust the solution 
(electrolyte) tor the pH value. 

The anodic oxidation was performed as follows. 
The substrate was immersed into an AGW electrolyte 
having prepared by adding 9 parts of propylene glycol 
to1 part of an aqueous 3% tartaric acid solution. A direct 
current (D C.) was applied to the substrate by connect- 
ing the aluminum gate to the anode of a power source 
and using a platinum cathode as the counter electrode. 
The electric current was applied first at a constant cur- 
rent density of 3 mA/cm 2 for 20 minutes, and then at a 
constant voltage for 5 minutes, to thereby obtain a 1 ,500 
A thick aluminum oxide film around the gate electrode. 
The insulating properties of this aluminum oxide film 
was evaluated using a specimen having subjected to an 
oxidation treatment under the same condition as that 
employed above. As a result, a resistivity of 10 1S CI and 
a dielectric breakdown of 3 x 10 s V/cm was obtained for 
the film. The surface of the sample was observed 
through a scanning electron microscope to find surface 
irregularities at a magnification of about 10,000, but no 
minute holes. The film was therefore evaluated as a fa- 
vorable insulator coating. 

On the surface of the thus obtained insulator film 
was further deposited a silicon oxide film 1 1 2 by plasma- 
assisted CVD. The film was then anisotropically etched 
along a direction nearly vertical to the substrate to leave 
over silicon oxide 11 3 on the side walls of the protrusion 
constructed by the gate electrode and the anodically ox- 
idized film (see FIG. 7(D)). The semiconductor layer 102 
is then removed by etching in a self-aligned manner us- 
ing the remaining silicon oxide film 113, and the gate 
electrode 1 08 and the anodicalfy oxidized film 1 1 0 of the 
protrusion as a mask. The resulting structure is shown 
in FIG. 7(E). The structure as viewed from the upper side 
is shown in FIG. 8(A). The cross sectional view taken 
along the line A-A' incScated in FIG. 8(A) is given in FIG. 
7. 

The structure as shown in FIG. 7(E) was subjected 
to a selective etching to remove only silicon oxide, i.e., 
the silicon oxide film 113 and the gate insulating film, 
using the gate electrode 108 and the anodically oxidized 
film 110 thereof as the mask, to thereby obtain a struc- 
ture having a part of the semiconductor layer 102 ex- 
posed to outside at the edge of the gate, as shown in 
FIG. 7(F) and FIG. 8(B). 

The resulting semiconductor portion exposed to the 


air is then doped with impurities to establish a source 
and a drain. As can be seen in FIG. 7(F), the part ex- 
posed to the air was bombarded with phosphorus ions 
from the upper side of the substrate using the anodically 
s oxidized film 1 1 0 of the gate electrode as the mask. Thus 
are formed the source and drain regions 103. In Fig.7 
(F), sides of the source and drain regions 103 are locat- 
ed at sides of the semiconductor portion exposed to the 
air. For the activation of the regions, a laser beam is ir- 
io radiated to the exposed portions. Instead of carrying out 
the laser annealing as the activation treatment of the 
source and the drain regions, they can be otherwise ac- 
tivated by thermal annealing and the like. 

An aluminum layer is then formed on the upper sur- 
fs face of the resulting structure, which is separated into 
source and drain electrodes by etching the aluminum 
layer into a predetermined pattern using a second 
mask CO) . The structure obtained in this step is shown 
in FIG. 8(C). This structure is then finished into a TFT 
so shown in FIGS. 7(G) and 8(D), by removing the unnec- 
essary portions of the semiconductor layer 102 using 
the source and the drain electrodes 107 and the anod- 
ically oxidized film 110 on the gate electrode as the 
mask. 

2S it can be seen from the foregoing description that 
an embodiment of the present invention provides a TFT 
by involving merely 2 masks. 

In the case of a complementary TFT, 1 or 2 more 
masks suffice the fabrication of the structure. 

so The TFT thus obtained can be connected to the out- 
er through a non -oxidized part of the gate electrode left 
out at the anodic oxidation, by carrying out the anodic 
oxidation treatment with care not to contact the part of 
the gate electrode with the electrolyte used at the anodic 

55 oxidation, or through a non-oxidized part of the gate 
electrode produced by selectively etching the anodically 
oxidized film exposed to the outer at the final step of 
selective etching of the source and drain electrodes to- 
gether with the accompanying anodically oxidized film, 

40 after etching the unnecessary semiconductor layer. Oth- 
erwise, a contact hole may be perforated in a specific 
anodically oxidized film, using a third mask. 

The foregoing description for the fabrication of a 
TFT is merely an example, and it should be understood 

*s that the present invention is not limited thereto. For ex- 
ample, the source and the drain regions may be doped 
with impurities by ion -bombardment at the stage shown 
in FIG. 7(B) using the anodically oxidized film 110 of the 
gate electrode as the mask, instead of carrying out the 

so doping step after the patterning of the semiconductor 
layer 102 as demonstrated above in FIG. 7(F). 

Furthermore, after the semiconductor layer 102 is 
established and before forming a gate, another photo- 
mask can be incorporated to carry out patterning of the 

*s semiconductor layer at the proximity of the TFT area into 
an island-like structure. Thus can be obtained a struc- 
ture as shown in FIG. 9, which comprises only the sub- 
strate or an insulator film established on the substrate 
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under the lead wiring instead of the semiconductor layer 
1 02. Such a configuration avoids establishment ol a ca- 
pacitor which may otherwise be formed by the gate wir- 
ing and a semiconductor layer. In this manner can a TFT 
of an increased response be fabricated by using only 3 
masks. The structure as viewed from the upper side is 
given in FIG. 9(A), and the cross sectional view along 
the line B-B* is given in FIG. 9(B). 

In a genera) structure for an insulated gate field ef- 
fect semiconductor device embodying the present in- 
vention as shown in FIG. 5, the end of the gate is dis- 
placed from the position of the end of the source or the 
drain region by the thickness of the insulator film (anod- 
ically oxidized film) provided around the gate. Such an 
offset structure decreases the carrier density at the 
channel and, at the same time, reduces the electric field 
intensity at the drain-channel junction that the drain 
breakdown voltage can be improved. Since the thick- 
ness of the insulator film may be varied in the range of, 
for example, from 1 0 to 50 nm by changing the condition 
at the oxidation, the amount of this offset can be readily 
set as desired, depending on the required device char- 
acteristics. Furthermore, a lightly doped drain (LDD) 
structure can be realized by controlling the impurity con- 
centration of this offset portion to a value lower than that 
in the source and the drain regions. 

In Fig. 5, a channel length (a distance between the 
source and the drain regions) is longer than a length of 
the gate electrode in a direction of the channel length. 

An offset region to which no electric field or very 
weak electric field is applied by a gate voltage can be 
formed in a portion of a channel region in contact with 
a source or a drain region in an insulated gate field effect 
transistor in which a channel length thereof is longer 
than a length of a gate electrode thereof in a direction 
of the channel length. For example, in Fig.5, no electric 
field is applied to the offset region located in the channel 
region in the semiconductor 102 between a portion of 
the channel region just under the gate electrode 1 08 and 
the source or the drain region, a very weak electric field 
is applied to the offset region as compared with an elec- 
tric field applied to the portion of the channel region just 
under the gate electrode 108. In Fig.5, for example, the 
channel length is longer than the length of the gate elec- 
trode 108 in the direction of the channel length by an 
approximately twofold thickness of the insulator film 
(anodicalty oxidized film). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematically drawn cross sectional 
view of an insulated gate field effect semiconductor 
device according to an embodiment of the present 
invention; 

FIG. 2 shows a schematically drawn cross sectional 
view of a conventional insulated gate field effect 
semiconductor device; 

FIG. 3 shows a fabrication process of an insulated 


gate field effect semiconductor device according to 
an embodiment of the present invention; 
FIG. 4 shows a circuit diagram of a liquid crystal 
electro-optical device to which an insulated gate 

5 field effect semiconductor device according to an 
embodiment of the present invention is applied; 
FIG . 5 shows the structure of a TFT according to an 
embodiment of the present invention; 
FIG. 6 shows the structure of a conventional TFT; 

10 FIG . 7 shows a schematically shown cross section- 
al view of a TFT embodying the present invention 
to illustrate the fabrication step thereof; 
FIG . 8 shows a schematically shown view seen from 
the upper side of a TFT embodying the present in- 

1$ vention to illustrate the fabrication step thereof; 

FIG. 9 shows the structure of another TFT embod- 
ying the present invention; 

FIG. 10 shows a schematically drawn circuit dia- 
gram of a liquid crystal electro-optical device to 
20 which a complementary TFT according to an em- 
bodiment of the present invention is applied; 
FIG. 1 1 shows a schematically drawn cross section- 
al view illustrating a fabrication process of a liquid 
crystal electro-optical device to which a compte- 
rs mentary TFT according to an embodiment of the 
present invention is applied; 
FIG. 12 shows a schematically drawn diagram indi- 
cating the mounted arrangement on the substrate 
of a liquid crystal electro-optical device to which a 
30 complementary TFT according to an embodiment 
of the present invention is applied; 
FIG. 13 shows a schematically drawn circuit dia- 
gram of a liquid crystal electro-optical device to 
which a complementary TFT according to another 
35 embodiment of the present invention is applied; and 
FIG. 1 4 shows a schematically drawn diagram indi- 
cating the mounted arrangement on the substrate 
of a liquid crystal electro-optical device to which a 
complementary TFT according to another embodi- 
40 ment of the present invention is applied. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Now embodiments of the present invention are de- 
4$ scribed in further detail below referring to some EXAM- 
PLES, however, it should be noted that the present in- 
vention is not to be construed as being limited thereto. 

EXAMPLE 1 

SO 

Referring to FIG. 4, an example in which aTFT em- 
bodying the present invention is applied to a liquid crys- 
tal electro-optical device having a diagram as illustrated 
in Fig.4 is described. In FIG. 4, an N-channel TFT (N- 
55 TFT) 22 and a P-channel TFT (P-TFT) 21 in a comple- 
mentary configuration are provided to each of the pixels 
of the liquid crystal device. Each of the TFTS are con- 
nected to a common signal wire 50 through respective 
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gate electrodes, and the output terminals of the N-TFT 
22 and the P-TFT 21 are connected tothe common pixel 
electrode 43, whereas each of the other output terminals 
28 and 35 in the respective TFTs is connected to the 
other signal wires 52 and 53 to provide an inverter struc- 
ture. The positions of the P-TFT and the N-TFT may be 
reversed to establish a buffer structure and provide the 
complementary TFTs to each of the pixel electrodes. 

Referring to FIGS. 3(A) to 3(G), the fabrication proc- 
ess of a complementary TFT (C/TFT) on a substrate em- 
bodying the present invention to be used in a liquid crys- 
tal electro-optical device is described below. 

In FIG. 3(A), a silicon oxide film from 1000 to 3000 
A in thickness as a blocking layer 24 was deposited by 
radio-frequency (RF) magnetron sputtering on a non- 
expensive glass substrate 1 which is resistant to a heat 
treatment at a temperature of 700*0 or lower, e.g. about 
600° C. Examples of such glasses useful as the sub- 
strate include crystallized glass such as AN glass and 
neo-ceramic glass, and Vycor® 791 3 (a heat resistant 
glass manufactured by Coming Corp.). 

The silicon oxide film was deposited in a 1 00% ox- 
ygen atmosphere at the deposition temperature of 
1 50° C, at an output of from 400 to 800 W and a pressure 
of 0.5 Pa. The target used was quartz or single crystal 
silicon, and thus was obtained the film at a film deposi- 
tion rate of from 30 to 100 A/minute. 

An amorphous silicon film was deposited on the sil- 
icon oxide blocking layer by any of the processes of tow 
pressure chemical vapor deposition (LPCVD), sputter- 
ing, and plasma-assisted CVD (PCVD). 

In the LPCVD process, film deposition was conduct- 
ed at a temperature lower than the crystallization tem- 
perature by 100 to 200° C, i.e., in the range of from 450 
to 550 ft C, e.g., at 530°C, by supplying disilane (Si^) 
or trisilane (Si 3 H 8 ) to the CVD apparatus. The pressure 
inside the reaction chamber was controlled to be main- 
tained in the range of from 30 to 300 Pa The film dep- 
osition rate was 50 to 250 A/minute. Furthermore, op- 
tionally boron may be supplied as diborane during the 
film deposition to control the threshold voltage (V ft ) of 
the N-TFT to be approximately the same as that of the 
P-TFT 

The film deposition process by sputtering was con- 
ducted using a single crystal silicon as the target in an 
argon atmosphere having added therein from 20 to 80% 
of hydrogen, e.g., in a mixed gas atmosphere containing 
20% of argon and 80% of hydrogen. The back pressure 
prior to sputtering was controlled to 1 x 10* 6 Pa or lower. 
The film was deposited at a film deposition temperature 
of 1 50° C, a frequency of 1 3.56 MHz, a sputter output of 
from 400 to 800 W, and a pressure of 0.5 Pa. 

In the deposition of a silicon film by a PCVD proc- 
ess, the temperature was maintained, e.g., at 300° C, 
and monosilane (SiH 4 ) or disilane (S^l-y was used as 
the reacting gas. A high frequency electric power was 
applied at 1 3.56 MHz to the gas Inside the PCVD appa- 
ratus to effect the film deposition. 


The films thus obtained by any of the foregoing 
processes preferably contains oxygen at a concentra- 
tion of 5 x 10 21 cm -3 or lower, and more preferably, 7 x 
10 20 cm* 3 or lower. If the oxygen concentration is too 

s high, the fitm thus obtained would not crystallize. Ac- 
cordingly, there would be required to elevate the thermal 
annealing temperature or to take a longer time for the 
thermal annealing. Too low an oxygen concentration, on 
the other hand, increases an off-state leak current due 

io to a backlighting when the semiconductor layer is irra- 
diated with a light beam in a liquid crystal electro-optical 
device. Accordingly, the oxygen concentration was set 
in the range of from 4 x 10 19 to 4 x 1 0 21 cm -3 to readily 
crystallize the semiconductor layer by thermal anneal- 

15 ing at a moderate temperature (600°C or lower). The 
hydrogen concentration was 4 x 10 20 cm" 3 , which ac- 
counts for 1 % by atomic with respect to the silicon con- 
centration of 4 x 10 22 cnrr 3 

Oxygen concentration was controlled to 7 x 1C^° 

20 cm -3 or lower, preferably 7 x 10 10 cirr 3 or lower, and 
more preferably 1 x 10 19 cm -3 or lower to enhance crys- 
tallization of the source and drain regions, white selec- 
tively adding oxygen, carbon, or nitrogen by ion-implan- 
tation to a part of the channel forming regions of the TFT 

25 which constitute the pixel, to such an amount to give a 
concentration in the range of from 5x10 19 to5x10 21 
cm -3 , preferably 5 x 10 20 to 5 x 10 21 cm -3 to reduce the 
sensitivity to light. In a TFT fabricated in this manner, 
particularly in the TFT which constitutes the peripheral 

so circuits, the oxygen concentration was lowered while a 
higher carrier mobility was imparted. This facilitated high 
frequency operation while the leak current of the TFTs 
at the OFF state in the pixel peripheral switching ele- 
ments is reduced. 

35 Thus was deposited an amorphous silicon film at a 
thickness of from 500 to 5,000 A, e.g., at a thickness of 
1,500 A. The amorphous silicon film was then heat- 
treated at a moderate temperature in the range of from 
450 to 700°C for a duration of from 12 to 70 hours in a 

*o non-oxidizing atmosphere. More specifically, for exam- 
ple, the film was maintained at 600° C under a hydrogen 
or nitrogen atmosphere. 

Since on the surface of the substrate was provided 
an amorphous silicon oxide layer under the silicon film, 

*5 the whole structure could be uniformly annealed be- 
cause there generated no nucleus present during the 
heal treatment. That is, the silicon film during deposition 
maintains an amorphous structure, and hydrogen is 
present only as a free atom. 

so Then, at the annealing step, the silicon film under- 
goes phase transition from the amorphous structure to 
a structure having a higher degree of ordering, and part- 
ly develops a crystalline portion. Particularly, the region 
which attained a relatively high degree of ordering at the 

ss film deposition of silicon tend to crystallize at this stage. 
However, the silicon bonding which combines the silicon 
atoms to each other attracts an atom in a region to an- 
other in another regions. This effect can be observed by 
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a laser Raman spectroscopy as a peak which ts shifted 
to a lower frequency side as compared with the peak at 
522 cm* 1 for a single crystal silicon. The apparent grain 
size can be calculated by the hatf width as 50 to 500 A, 
i.e.. a size corresponding to that of a mtcrocrystal, but, 
in fact, the film has a semi-amorphous structure com- 
prising a plurality of those highly crystalline regions 
yielding a cluster structure, and the clusters are an- 
chored to each other by the bonding between the silicon 
atoms (clustering). Thus was obtained a film having a 
semi-amorphous structure. 

The semi-amorphous film thus obtained was sub- 
jected to a measurement of the elemental distribution 
along the direction of the depth, using, for example, a 
secondary ion mass spectroscopy (SIMS). The mini- 
mum concentration for the dopants (impurities) was 
found (either at the surface or at an inner portion apart 
from the surface) 3.4 x 10 19 cm* 3 for oxygen and 4 x 
10 17 cm* 3 for nitrogen. Hydrogen was found at a con- 
centration of 4 x 1 0 20 cm* 3 , which accounts tor 1 % by 
atomic with respect to silicon which is present at a con- 
centration of 4 x 10 22 cm* 3 . The crystallization could be 
achieved, for example, by a thermal treatment at 600°C 
for a duration of 48 hours in the case of a 1000 A thick 
film containing oxygen at a concentration of 3.5 x 10 19 
cm* 3 . Upon increasing the oxygen concentration of the 
film to 3 x 1 0 20 cm* 3 and considering the film thickness, 
it was possible to crystallize a film as thick as in the thick- 
ness range of from 0.3 to 0.5 pum by annealing at 600° C. 
However, a film having the same oxygen concentration 
but reduced in thickness to 0.1 urn required a heat treat- 
ment at a higher temperature of 650° C for the crystalli- 
zation. In short, a thicker film and a lower impurity (e.g., 
oxygen) concentration favored the crystallization. 

The semi-amorphous film thus obtained yields, as 
a result, a state in which substantially no grain boundary 
(referred to hereinafter as GB) exists. Since the carrier 
easily moves between the clusters through the an- 
chored portions, a carrier mobility far higher than that of 
a poiycrystalline silicon having a distinct GB can be re- 
alized. More specifically, a hole mobility, uh, in the range 
of from 10 to 200 crn-VV-sec and an electron mobility, 
[is, in the range of from 15 to 300 cm-W-sec, are 
achieved. 

On the other hand, if a high temperature annealing 
in the temperature range of from 900 to 1200°C were to 
be applied in the place of a moderate temperature an- 
nealing as described hereinabove, impurities undergo 
a solid phase growth from the nuclei and segregate in 
the film. This results in the high concentration of oxygen, 
carbon, nitrogen, and other impurities at the GB which 
develops a barrier. Thus, despite the high mobility within 
a single crystal, the carrier is interfered at its transfer 
from a crystal to another by the barrier at the GB. In prac- 
tice, it is quite difficult to attain a mobility higher than or 
equal to 10 cm^/V'Sec with a pofycrystalline silicon at 
the present. 

Thus, in the present EXAMPLE embodying the 
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present invention, a semi-amorphous silicon semicon- 
ductor is utilized. Otherwise, a poiycrystalline silicon 
semiconductor can be utilized, provided that a sufficient- 
ly high carrier mobility therein can be achieved therein. 

s Referring to FIG. 3(A), a process for fabricating an 
area 21 (having a channel width of 20 um) for a P-TFT 
and an area 22 for an N-TFT at the right and left hand 
side, respectively, of FIG. 3(A) is described. The silicon 
film was masked with a first photomask®, and subject- 

10 ed to photo-etching to obtain the areas. 

On the resulting structure was deposited a silicon 
oxide film as a gate insulating film 27 to a thickness of 
from 500 to 2,000 A, e.g., to a thickness of 1 ,000 A. The 
conditions for the film deposition were the same as 

is those employed in depositing the silicon oxide film to 
give a blocking layer. Further, a small amount of a hal- 
ogen such as fluorine may be added during the film dep- 
osition to fix sodium ions. 

Further on the gate insulating film was deposited an 

20 aluminum film at a thickness of 0.3 um, which was sub- 
jected to patterning using a second photomask® Then, 
a gate 26 for the P-TFT and another gate 25 for the N- 
TFT were fabricated. The channel length was, for ex- 
ample, 10 u/m. 

25 In FIG. 3(C), a photoresist 31 was formed using a 
photomask®, and then boron was doped to a source 
28 and a drain 30 for P-TFT at a dose of 1 x 10 15 cm* 2 , 
by ion implantation. 

Similarly, a photoresist 32 was formed using a pho- 

30 tomask® , and then phosphorus was doped to a source 
35 and a drain 33 for N-TFT at a dose of 1 x 10 15 cm* 2 , 
by ion implantation. 

The doping was conducted through the gate insu- 
lating film 27. However, as is shown in FIG. 3(B), the 

35 silicon oxide on the silicon film may be removed using 
the gate electrodes 25 and 26 as the masks, and then 
boron and phosphorus may be directly doped into the 
silicon film by ion implantation. 

After removing the photoresist 32, the structure was 

<o reheated at 650*C for a duration of 10 to 50 hours for 
annealing. Thus the impurities in the source 26 and the 
drain 30 of the P-TFT, as well as those in the source 35 
and the drain 33 of the N-TFT were activated to give P+ 
and N+ 

45 Furthermore, channel forming regions 34 and 29 
were provided as a semi-amorphous semiconductor or 
a poiycrystalline semiconductor under the gate elec- 
trodes 25 and 26. 

As described in the foregoing, a C/TFT can be fab- 
so ricated in a self-aligned manner without heating it to a 
temperature of 700°C or higher. This allows use of a 
non-expensive substrates and excluding use of the ex- 
pensive quartz substrate and the like. The process is 
therefore suitable for manufacturing liquid crystal dis- 
ss ptay devices having many pixels. The thermal annealing 
was conducted twice, as shown in FIGS. 3(A) and 3(D). 
However, the annealing corresponding to that of FIG. 3 
(A) may be omitted depending on the required device 
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characteristics, and the thermal annealing may be inte- 
grated into one corresponding to that of FIQ. 3(D) to 
speed up the process. 

In the present EXAMPLE, aluminum was used for 
the gate. This was effective for reducing the interface 
state density of the gate insulating film and also the loss 
of carriers, because at the annealing step correspond- 
ing to FIG. 3(D), the aluminum functioned effectively for 
dissociating hydrogen molecules incorporated in the 
gate insulating film into hydrogen atoms. 

In the step corresponding to FIG. 3(E), the gate 
electrodes 25 and 26 were anodically oxidized to cover 
the surfaces thereof with aluminum oxide. More specif- 
ically, the substrate was dipped into a 13.7 % sulfuric 
acid bath, and to the substrate was applied a current at 
a density of 1 mA/cm 2 using a carbon anode placed at 
a distance of 30 cm from the substrate. Thus was formed 
aluminum oxide film at a thickness of from 0.2 to 1 pm. 
for example, at a thickness of 0.5 u/n. 

The solution to be used in the anodic oxidation in- 
clude, representatively, strong acid solutions of, such as 
sulfuric acid, nitric acid, and phosphoric acid, as well as 
mixed acid comprising tartaric acid or citric acid, having 
added therein ethylene glycol or propylene glycol or the 
like. A salt or an alkaline solution may be further added 
to the solution to thereby adjust the pH value of the so- 
lution. 

The anodic oxidation was performed as follows. 
The substrate was immersed into an AGW electrolyte 
having prepared by adding 9 parts of propylene glycol 
to1 part of an aqueous 3% tartaric acid solution. A direct 
current (D.C.) was applied to the substrate by connect- 
ing the aluminum gate electrode to the anode of a power 
source and using a carbon cathode as the counter elec- 
trode. 

The electric current was applied first at a constant 
current density of 1 mA/cm 2 for 20 minutes, and then at 
a constant voltage for 5 minutes, to thereby obtain a 
5,000 A thick aluminum oxide film around the gate elec- 
trode. The insulating properties of this aluminum oxide 
film was evaluated using a specimen having subjected 
to an oxidation treatment under the same condition as 
that employed above. Asa result, a resistivity of IC^n-m 
and a dielectric breakdown of 2 x 1 0 s V/cm was obtained 
for the film. 

The surface of the sample was observed through a 
scanning electron microscope to find surface irregular- 
ities at a magnification of about 8,000, but free of minute 
holes. The film was therefore evaluated as a favorable 
insulator coating. 

In the step corresponding to FIG. 3(F), the tnterlayer 
insulator 41 was formed by depositing a silicon oxide 
film by sputtering mentioned hereinbefore. Alternatively, 
the silicon oxide film may be deposited using an LPCVD 
or a photochemical vapor deposition method. The sili- 
con oxide film thus obtained was 0.2 to 1 .0 um thick. 
Then, as is also shown in FIG. 3(F), a contact hole 42 
was perforated in the film using a photomask© This 


fabrication process is characterized by that a reactive 
ion etching (RIE) process was employed to perforate the 
contact hole 42 at a position as near as possible to the 
channel, using gate electrodes 25 and 26 and the alu- 

s mi n urn oxide film around them in a self-aligned manner, 
and thus minimizing the distance L between the channel 
and the feeding points for the source and the drain. 

Then, aluminum was deposited over the whole 
structure by sputtering at a thickness of 0.5 to 1 .0 urn, 

to and leads 52 and 53 were formed using a photomask 
© These leads were used as contacts for the source 
regions 28 and 35 of the P-TFT and the N-TFT as shown 
in FIG. 3(G). 

The surface of the resulting structure was coated 

is with an organic resin 44, e.g., a transparent polyimide 
resin for emoothening, and subjected again to perfora- 
tion of contact holes using a photomask©. 

As is shown in FIG. 3(G), two TFTs were brought 
into a complementary arrangement, and an output ter- 

20 minal thereof was connected to a transparent electrode 
43 provided to one side of a pixel of a liquid crystal de- 
vice. The transparent electrode 43 was fabricated by 
etching an indium tin oxide. (ITO) film having established 
by sputtering, using a photomask®at the etching. The 

25 |TO film was such having deposited in a temperature 
range of from room temperature to 150°C, followed by 
annealing at 200 to 400°C in oxygen or in the atmos- 
phere. Thus was fabricated a structure comprising the 
P-TFT 21, the N-TFT 22, and the transparent electrode 

so 43 made of a conductive film on a single glass substrate 
1. 

The TFT thus obtained comprises a P-TFT having 
a mobility of 20 crr^/V sec with a V m of -5.9 V, and an 
N-TFT having a mobility of 40 crr^/Vsec with a V^ of 
35 +6.0 V. 

It can be seen from the foregoing description that a 
mobility far higher than a value generally believed for a 
TFT has been achieved. This has enabled for the first 
time the production of an active matrix liquid crystal dis- 

40 play device using a C/TFT pair for each of the pixels of 
the liquid crystal electro-optical device. Furthermore, 
the present embodiment has also enabled formation of 
the peripheral circuits on-glass, i.e., by fabricating the 
circuits on the same substrate employing a fabrication 

45 process similar to that applied to the fabrication of the 
TFTs. 

In the EXAMPLE, the TFT embodying the present 
invention was applied to a liquid crystal electro-optical 
device. Because of the excellent frequency character- 

so j&tics of the TFTs, such liquid crystal electro-optical de- 
vices can easily display dynamic images, and are there- 
fore suitable for applications such as projection TV sets, 
view finders of video movies, and hanging-type TV sets. 
Additional application field to be mentioned is the driving 

55 elements of one- and two-dimensional image sensors, 
in which the excellent frequency characteristic Is taken 
full advantage of in the rapid reading that can fully re- 
spond to the G4 standard. 
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A cell for a liquid crystal electro-optical device can 
be fabricated by a process well known in the art, using 
a pair of glass substrates, one having fabricated in a 
manner described above and the other having estab- 
lished thereon counter electrodes composed of trans- 
parent electrodes provided in stripes. The glass cell is 
filled with a liquid crystal material. 

If a twisted nematic (TN) liquid crystal were to be 
used, the cell spacing should be controlled to be about 
10 uxn, and orientation control films formed by rubbing 
treatment should be provided on the both of the trans- 
parent conductive films. 

If a ferroelectric liquid crystal (FLC) were to be used 
as the liquid crystal material instead, the operating volt- 
age should be controlled to ± 20 V, the celt spacing 
should be controlled to 1.5 to 3.5 urn, e.g., 2.3 urn, and 
the orientation control film should be formed only on the 
counter electrode by subjecting the film to rubbing treat- 
ment. 

In the case a dispersion type liquid crystal or a pol- 
ymer liquid crystal is used, an orientation control film can 
be omitted and the operation voltage should be control- 
led to ±10 to ±15 V and the cell spacing to 1 to 10 urn 
to increase the switching rate. 

Since the polarizer sheet can be excluded particu- 
larly in the case a dispersion type liquid crystal is used, 
the cell can be used either as a reflection type or as a 
transmission type and have an increased quantity of 
light Moreover, because the liquid crystal has no thresh- 
old, the use of the C/TFT embodying the present inven- 
tion having a distinct threshold voltage enables a device 
having a higher contrast and free of cross-talk (unde- 
sired interference between the neighbouring pixels). 

EXAMPLE 2 

Referring to FIG. 10, an example of an active matrix 
type liquid crystal electro-optical device to which a TFT 
embodying the present invention is applied is described. 
FIG. 10 shows the circuit diagram of the liquid crystal 
electro-optical device, and it can be seen therefrom that 
the active elements of the present EXAMPLE are pro- 
vided in a complementary arrangement having a P-TFT 
and an N-TFT per one pixel contact 

The actual arrangement of the contacts and the like 
corresponding to the circuit shown in FIG. 10 is given, 
in FIG. 12. For brevity's sake, merely a part of the circuit 
corresponding to a 2 x 2 matrix is given in FIG. 12. 

Referring first to FIG. 1 1 , the process for fabricating 
the substrate for use in the liquid crystal electro-optical 
device embodying the present invention is described. 
FIG. 11 (A) shows a step of depositing silicon oxide film 
as a blocking layer 151 at a thickness of from 1000 to 
3000 A, on a non-expensive glass substrate 150 using 
RF magnetron sputtering. In this case, the glass sub- 
strate is made of a non-expensive glass which resists 
to a heat treatment at 700° C or lower, e.g., at about 
600° C. The conditions for the fabrication are the same 


as those used in EXAMPLE 1 . An amorphous silicon film 
was formed on the blocking layer at a thickness of 500 
to 3000 A, e.g. 1500 A in the same way as rn the EXAM- 
PLE 1. Then, the amorphous silicon film was annealed 
& in, for example, hydrogen atmosphere at 600°C for a 
duration of 12 to 70 hours. 

The amorphous silicon film turned into a phase hav- 
ing a higher structural ordering upon annealing, com- 
prising partly a crystalline portion. The resulting film had 
io a hole mobility, uii, of from 1 0 to 200 crr^/V-sec, and an 
electron mobility, u.e, of from 15 to 300 cm^V-sec. 

As is shown in FIG. 11 (A), the silicon film was sub- 
jected to a photoetching treatment using a first photo- 
mask ©to establish a P-TFT area 130 (having a chan- 
ts nel length of 20 nm) and an N-TFT area 140, at the left 
and the right hand side, respectively, of FIG. 11 (A). 

On the resulting structure was deposited a silicon 
oxide film as a gate insulating film 153 to a thickness of 
from 500 to 2.000 A, e.g.. to a thickness of 700 A. The 
20 conditions for the film deposition were the same as 
those employed in depositing the silicon oxide film 151 
which gave a blocking layer. Further, a small amount of 
fluorine may be added during the film deposition to fix 
sodium ions. In this EXAMPLE, a silicon nitride film 1 54 
25 was deposited on the gate insulating film as a blocking 
layer to avoid reaction of the gate insulating film and the 
gate electrode to be formed thereon. This silicon nitride 
film had a thickness of from 50 to 200 A, more specifi- 
cally, 100 A. 

30 Further on the structure thus obtained above was 
deposited an aluminum film as a gate electrode material 
at a thickness of from 3,000 A to 1 .5 jim, 1 urn for ex- 
ample, by a known sputtering process. 

Other useful materials for the gate electrode include 

35 molybdenum (Mo), tungsten (W), titanium (Ti), tantalum 
(Ta), and alloys thereof with silicon, as well as laminate 
wires of silicon with other metal films. 

The use of a metal as the gate electrode, particu- 
larly, aluminum or a like material having a low resistance 

40 as in the present EXAMPLE, avoids gate delay (delay 
in the pulsed vottage which is transferred through the 
gate wire and distortion of the waveform) which be- 
comes more pronounced with Increasing area and finer 
patterning of the substrate, and hence facilitates fabri- 

45 cation of devices with a large-area substrate. 

The aluminum film thus deposited was patterned 
through a second photomask @ to obtain a structure 
as shown in FIG. 11(B), having a gate electrode 155 for 
the P-TFT and a gate electrode 156 for the N-TFT. Both 

so of the gate electrodes were connected to a common 
gate wire 1 57. 

The substrate was immersed into an AG W electro- 
lyte having prepared by adding 9 parts of propylene gly- 
col to 1 part of an aqueous 3% tartaric acid solution. A 

55 direct current (D.C.) was applied to the substrate by con- 
necting the aluminum gate to the anode of a power 
source and using a platinum cathode as the counter 
electrode. The gate electrodes were each connected to 
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the respective gate wires, and a connection terminal 
was provided at the vicinity ot the substrate end to clamp 
all the gate wires therewith for the connection. The 
anodic oxidation was conducted in this manner to form 
anodically oxidized films 158 and 159 around the gate 
electrodes as is shown in FIG. 11 (C). 

In the anodic oxidation process, the electric current 
was applied first at a constant current density of 4 rrW 
cm 2 for 20 minutes, and then at a constant voltage for 
15 minutes, to thereby obtain a 2,500 A thick aluminum 
oxide film around the gate electrode. It is preferred to 
form the anodic oxide film as thick as possible, and this 
approach was taken in the present EXAMPLE as far as 
the process conditions permit. 

As is shown in FIG. 11(D), the nitride film 154 and 
the silicon oxide film 153 on the semiconductor was re- 
moved by etching. Then, boron was doped over the 
whole substrate as an impurity for P-TFT, at a dose of 
from 1 x 10 15 to 5 x 10 15 cm -2 by ion implantation. The 
concentration of the doping was controlled to about 1 0 19 
atoms-cm- 3 to establish a source 160 and a drain 161 
for the P-TFT. In the present EXAMPLE, the ion doping 
was conducted after removing the insulator films on the 
surface. However, it is also possible to conduct the dop- 
ing through the insulator films 1 53 and 1 54, by changing 
the conditions of ion implantation. 

Similarly, as shown in FIG. 11(E), a photoresist 464 
was formed using a third photomask <0> to cover the P- 
TFT area, and phosphorus was doped by ion implanta- 
tion to establish a source 162 and a drain 163 for the N- 
TFT. The phosphorus was added at a dose of from 1 x 
10 u to 5 x 10 1 5cm" 2 , so that the doping concentration 
became about 10 20 atoms-cm' 3 . In this case, an oblique 
doping was used, in which the ion was bombarded ob- 
liquely to the substrate in such a manner that the direc- 
tion of the ion beam may make an acute angle with re- 
spect to the surface of the substrate. This process al- 
lows the impurity ions to intrude into a lower portion un- 
der the anodic oxide film around the gate. In this manner, 
the ends of the source and the drain areas were roughly 
adjusted to match the end of the gate electrode. Thus, 
the anodically oxidized film can function sufficiently as 
an insulator to the contact wiring to be formed in the later 
steps, and hence excludes a step of forming an insulator 
film. 

The structure was then re-heated at 600*C for a du- 
ration of 10 to 50 hours for annealing. Thus, the doped 
impurities in the source 160 and the drain 161 of the P- 
TFT, as well as those in the source 162 and the drain 
163 ot the N-TFT were activated to give P+ and N+ Un- 
der the gate electrodes 1 55 and 156 were formed chan- 
nel forming regions 164 and 165. Instead of employing 
thermal annealing for the activation as in the present 
EXAMPLE, a laser beam may be irradiated to the source 
and the drain regions for the activation. In such a case, 
the activation can be performed in an instant and there- 
fore the problem of thermal diffusion of the gate metal 
need not be considered. Accordingly, it is possible to 


omit the formation of silicon nitride film 154 which func- 
tions as a blocking layer on the gate insulating film. 

A silicon oxide film as an insulator film was then de- 
posited on the surface of the resulting structure by sput- 

6 tering as mentioned above. The film is preferably as 
thick as possible, e. g., in a range of from 0.5 to 2.0 urn, 
1 .2 urn in this EXAMPLE. The film is then subjected to 
anisotropic etching from the upper side thereof to form 
a remainder area 166 at the vicinity of the side walls of 

10 a protrusion composed of the gate accompanied by the 
anodically oxidized film. The resulting structure is given 
in FIG. 11(F). 

Then, the unnecessary portions were removed from 
the semiconductor film 1 52 by etching, using the protru- 

*5 sion above and the remainder area 166 as the mask. 
Then, the remainder area 166 around the protrusion 
was removed. Thus were obtained exposed semicon- 
ductor portions 152 at the outer side of the protrusion 
so that they may become a source and a drain region 

20 for each of the TFTs. The resulting structure is given in 
FIG. 11(G). 

The whole structure was then covered with alumi- 
num by sputtering, and after patterning the aluminum 
film through a fourth mask © to obtain leads 167 and 
1 68 and contact portions 1 69 and 1 70, the unnecessary 
semiconductor film sticking out was removed by etching 
from the contacts 167, 168, 169, and 170; the gate elec- 
trodes 155 and 156; and the anodic oxide films 1 58 and 
159 which accompany the gate electrodes. Thus were 

30 the elements separated from each other to complete a 
TFT. It can be seen from the foregoing description that 
a C/TFT pair was fabricated using merely four masks. 
The C/TFT pair thus obtained is shown in FIG. 11 (H). 
The TFT thus obtained comprises a gate electrode 

35 completely covered with an anodically oxidized film, and 
all the parts, exclusive of the source and the drain re- 
gions having contact connections sticking out from the 
gate portion, are established under the gate. The source 
and the drain electrodes are in contact with the source 

40 and the drain regions at two points, i.e.. at the upper 
surface and the side face, to assure a sufficient ohmic 
contact 

Thus, as described in the foregoing, a C/TFT can 
be fabricated without heating the structure to a temper- 
45 ature 700°C or higher through the whole process. Thus, 
an economically advantageous substrate can be used 
instead of an expensive one such as of quartz, and 
hence the process is best suited for producing liquid 
crystal electro-optical devices of many pixels. 
so The thermal annealing was conducted twice in the 
present EXAMPLE, as shown in FIGS. 11(A) and 11(E). 
However, the annealing corresponding to that of FIG. 1 1 
(A) may be omitted depending on the required device 
characteristics, and the thermal annealing may be inte- 
rs grated into one corresponding to that of FIG. 11(E) to 
speed up the process. Furthermore, the silicon nitride 
film 154 provided under the aluminum gate efficiently 
avoided reaction of the aluminum gate with the gate in- 
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sulating film under the gate, and a favorable interfacial 
characteristic was realized. 

Then, an ITO film was deposited by sputtering be- 
tween two TFTs, so that the output contact thereof may 
be connected to a liquid crystal device, through one of 
the pixel electrodes provided as a transparent electrode 
in a complementary structure. The ITO film was depos- 
ited in the temperature range of from room temperature 
to 150*C, which was annealed at 200 to400°C in oxy- 
gen or in the atmosphere. The ITO film thus obtained 
was etched through a fifth photomask <3> to provide a 
pixel electrode 171. The resulting structure comprised 
a glass substrate having provided thereon a P-TFT 1 30, 
an N-TFT 140, and a transparent electrode 171 made 
from a transparent conductive film. The TFT thus ob- 
tained comprises a P-TFT having a mobility of 20 cm^ 
Vsec with a of -5.9 V, and an N-TFT having a mobility 
of 40 cm Wsec with a V lh of +5.0 V. 

In FIG. 12 is given the arrangement of the elec- 
trodes and the like of this liquid crystal electro-optical 
device. The cross sectional view along the line C-C' in 
FIG. 1 2 corresponds to those given in FIG. 1 1 . The P- 
TFT 1 30 is provided to the crossing point of a first signal 
wire 172 and a third signal wire 1 57. Similarly, a P-TFT 
for another pixel is provided to the crossing point of the 
first signal wire 172 and another third signal wire 176 
established as a right side neighbor of the wire 1 57. The 
N-TFT, on the other hand, is provided to the crossing 
point of a second signal wire 173 and the third signal 
wire 157. Furthermore, a P-TFT for another pixel is pro- 
vided to the crossing point of another first signal wire 
174 neighboring on the wire 172 and a third signal wire 
157. Thus was obtained a matrix structure constructed 
from C/TFTs. The P-TFT 130 is connected to the first 
signal wire 1 72 through the contact of the drain 161 , and 
the gate 155 is connected to the signal wire 157. The 
output terminal of the source 160 is connected to the 
pixel electrode 171 through a contact. 

Similarly, the N-TFT 1 40 is connected to the second 
signal wire 173 through the contact of the source 162, 
to the signal wire 157 through the gate 156, and to the 
same pixel electrode 1 71 as in the case of P-TFT, by the 
output terminal of the drain 163 through a contact. An- 
other C/TFT, which is provided next to the one described 
above and connected to the same third signal wire 
above, comprises a P-TFT 131 connected to the first 
signal wire 174 and an N-TFT 141 connected to a sec- 
ond signal wire 175. In this manner a pixel 180 is con- 
structed inside a pair of signal wires 1 72 and 1 73, com- 
prising a pixel electrode 171 composed of a transparent 
conductive film and a C/TFT pair. By repeating this 
structure along the vertical and horizontal directions, a 
2x2 matrix can be extended into liquid crystal electro- 
optical devices having many pixels, such as those com- 
posed of 640 x 480 pixels and 1280 x 960 pixels. In the 
foregoing description, the impurity doped regions of the 
TFTs are referred to as source and drain for making the 
explanation simple. In the actual drive of the TFTs, the 


functions of those regions may differ in some cases. 

In the TFT of the present EXAMPLE, the elements 
in each of the TFTs are separated into islands by remov- 
ing the semiconductor film 1 52 through an etching proc- 

s ess using a first photomask. Accordingly, th e gate wi ring 
outside the TFT areas is free of the underlying semicon- 
ductor film, and is established on the substrate or an 
insulatorfilm having formed on the substrate. This struc- 
ture avoids formation of a capacitance at the gate input 

io side, and allows a high speed response. 

A liquid crystal electro-optical device was then fab- 
ricated using the thus obtained substrate having estab- 
lished thereon the active elements. The substrate was 
first screen-coated with a UV-curable epoxy-modified 

is acrylic resin having dispersed therein 50 % by weight of 
a nemalic liquid crystal. In the process, a 125 mesh/inch 
screen was used for the coating, and a squeegee pres- 
sure of 1.5 kg/cm 2 was applied. The resulting emulsion 
thickness was 15 um After leveling for 10 minutes, the 

£0 resin emulsion layer was cured with a high pressure 
mercury vapor lamp emitting a light having the main 
peak at a wavelength of 236 nm at an energy of 1 ,000 
mj. Thus was obtained a 12 um thick light influencing 
layer. 

25 a second electrode was then established on the 
cured resin layer by depositing thereon a 2,500 A thick 
molybdenum (Mo) film by D C sputtering. 

A black-colored epoxy resin was then applied to the 
surface by screen-printing, which was pre-baked at 

30 50° C for 30 minutes and then baked at 1B0°C for 30 
minutes to establish a 50 \im thick protective film. 

A reflection-type liquid crystal display device was 
completed by connecting a TAB-shaped driver I C to the 
lead on the substrate. This device was comprises only 

3s one substrate. 

In the EXAMPLE described above, a pair of TFTs 
in a complementary arrangement was provided as an 
active element to each of the pixels. However, the liquid 
crystal electro-optical devices are not limited to this 

^o structure, and plural pairs of TFTs in a complementary 
arrangement may be provided to each of the pixels. Oth- 
erwise, plural pairs of TFTs in a complementary arrange- 
ment may be provided to pixel contacts divided into plu- 
ral contacts. 

45 a liquid crystal electro-optical device comprising a 
dispersion type liquid crystal equipped with active ele- 
ments was completed in this manner. Since the disper- 
sion-type liquid crystal of the present EXAMPLE can be 
constructed on only one substrate, a light-weight and 

so thin liquid crystal electro-optical device can be realized 
economically. More advantageously, a liquid crystal 
electro-optical device of high illuminance was obtained, 
because the device is constructed from a single sub- 
strate free of polarizer sheets and orientation control 

ss films. 
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EXAMPLE 3 

Referring to FIG. 13, an example of a liquid crystal 
electro-optical device comprising pixels having provided 
to each thereof modified transfer-gate TFTs in a com- 
plementary arrangement is described. The TFTs in this 
EXAMPLE are fabricated basically in the same process 
as those in EXAMPLE 2, and the process steps proceed 
in a similar manner as shown in FIG. 11 . The only dif- 
ference is the arrangement of the C/TFT shown in FIG. 
11. because the one used in the present EXAMPLE is 
a modified transfer-gate C/TFT. The actual arrangement 
and connection of the C/TFT of the present EXAMPLE 
is given in FIG. 14. 

As shown in FtG. 13, a common gate wire 191 is 
connected with gates of a P-TFT 1 95 and a N-TFT 1 96. 
These TFTs are connected to another signal wire 1 93 
through source and drain areas, and the other source 
and drain areas are connected to a common pixel elec- 
trode. 

The fabrication process proceeds the same to FIG. 
11(G). The structure obtained to the step shown in FIG. 
11(G) is coated with a silicon nitride film 200 at a thick- 
ness of from 500 to 2,000 A. The resulting silicon nitride 
film 200 is anisotropcalty etched along the direction ver- 
tical to the substrate to remain the silicon nitride film on 
the side wall of the anodically oxidized film 201 provided 
on the gate electrode. The silicon nitride film need not 
be left out uniformly, provided that the film remains at 
least on the gate 207 and on the gate insulating film at 
the proximity of the semiconductor. This silicon nitride 
film 200 functions as a protective layer to avoid short 
circuit at the vicinity of the end portion of a gate insulat- 
ing film 203, caused by a metallic wiring 202, a source 
area 204, and a drain area 205, upon formation of 
source and drain 202 at the later steps. 

On the surface of the resulting structure is then de- 
posited an interlayer insulator film and a silicon oxide 
film 206 at a thickness of from 1.000 A to 2 u/n, e.g., 
6,000 A in this case. After forming a photoresist thereon, 
a mask is formed on the gate 207 using the gate as the 
mask by exposure to light from the substrate side. Then 
an interlayer insulator film 206 can be obtained on the 
gate by etching. 

The process is then forwarded in the same manner 
as in FIGS. 11(H) and 11(1), to thereby complete the 
structure into a modified transfer-gate TFT having an ar- 
rangement and structure as shown in FIGS. 14(A), 14 
(B), and 14(C). In FIGS. 14(B) and 14(C) are shown 
clearly that the gate 207 always comprises thereon an 
interlayer insulator film 206, by which an effective inter- 
layer insulating function is provided to the crossings of 
the lead portion of the gate wiring 207 with the lead por- 
tion of the source and drain wiring 202. Thus, as is 
shown in FIG. 14(A), the formation of unfavorable wiring 
capacitance could be avoided. 

As was described above, an active element sub- 
strate was obtained with the same number of masks as 


that in EXAMPLE 2, yet having reduced in capacitance 
around the wiring and composed of TFTs having such a 
structure less apt to cause short circuit at the vicinity of 
the gate insulating film. 

s An active matrix super-twisted nematic (STN) liquid 
crystal electro-optical device was then produced, by 
combining and adhering the substrate obtained above 
as a first substrate with a second substrate having sub- 
jected to orientation treatment and having provided ther- 

to eon a counter electrode, and injecting an STN liquid 
crystal therebetween, according to a known technology. 

In the foregoing EXAMPLES, the TFTs embodying 
the present invention were applied to liquid crystal elec- 
tro-optical devices. 

15 However, the EXAMPLES above are not limiting, 
and the TFTs can be readily applied to other devices 
and three-dimensional IC elements and the like. 

The present invention enables fabrication of TFT el- 
ements using considerably reduced number of masks. 

20 Accordingly, semiconductor devices can be produced 
through a far simpler fabrication process and with in- 
creased production yield by applying the TFTs of this 
structure to the fabrication of the devices. Thus, the 
present invention provides semiconductor devices at a 

25 reduced production cost. 

The TFT embodying the present invention compris- 
es a metallic gate electrode having subjected to anodic 
oxidation to form an oxide film on the surface thereof, 
so that a wiring comprising a three-dimensional crossing 

30 can be established thereon. Furthermore, the feeding 
points of the source and the drain are provided very near 
to the channel by the use of said gate with an oxide film 
around it, and by exposing only the contact portions of 
the source and the drain out of the gate. Thus were 

35 avoided the drop of frequency characteristics of the de- 
vice and the increase of ON resistivity. 

Furthermore, in an embodiment according to the 
present invention in which an aluminum gate is used, 
hydrogen having incorporated into the gate oxide film 

40 could be reduced during the annealing step by dissoci- 
ating H 2 into H taking advantage of the catalytic effect 
of aluminum. Thus, the interfacial density of states (Q^g) 
could be lowered as compared to the case in which a 
silicon gate is used, and, by this effect, an element hav- 

45 ing improved characteristics was realized. 

The source and the drain of the TFTs embodying 
the present invention were established in a self-aligned 
manner. The same was done in the positioning of con- 
tact portions of the source and the drain. Thus, the area 

so necessary to accommodate the elements to construct a 
TFT was reduced, and hence was effective for achieving 
a higherdegree of integration. In the case the TFTs were 
used as active elements for a liquid crystal etectrooptical 
device, the aperture ratio of the liquid crystal panel was 

55 increased. 

The anodically oxidized film around the gate was 
taken full advantage of, and a TFT having a distin- 
guished structure was proposed. This TFT, moreover, 
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can be fabricated with minimized number of masks, the 
minimum being 2 masks. 

In a C/TFT embodying the present invention, a 
semi-amorphous or semi-crystalline semiconductor 
was used. However, the semiconductor may be re- 
placed by semiconductors differing in crystal structure 
if possible, provided that they are used for the same pur- 
pose. By the use of a self-aligned C/TFT, a rapid 
processing was possible. However, this is not limiting, 
and TFTs may be fabricated by a non-self -aligned man- 
ner without using ton implantation. Furthermore, it 
should be noted that the present invention is not limited 
only to stagger-type TFTs, but also encompasses invert- 
ed-type stagger TFTs and other types of TFTs. 

Having thus described the invention by reference to 
particular embodiments, it is to be appreciated that the 
described embodiments are exemplary only and are 
susceptible to modification and variation without depar- 
ture from the scope of the invention as set forth in the 
appended claims. 


Claims 

1 . A method of manufacturing a semiconductor device 
comprising: 

forming a semiconductor layer (2,23,102,130) 
on an insulating surface (1,101,151); 
forming a gate insulating layer (6,27.106,153) 
on said semiconductor layer (2,23,102,130); 
forming a metal gate electrode (8,25,108,155) 
on said gate insulating layer (6,27,106,153); 
anodic oxidizing s ide surfaces of said gate elec- 
trode to form an anodic oxide layer 
(10,40,110,155) comprising said gate metal 
thereon; and 

introducing dopant impurities into portions 
(3,33,35,103,161,162) of said semiconductor 
layer (2,23,102,130) tn a self-aligned manner 
with respect to said gate electrode and said ox- 
ide layer (10,40,110,158), thereby forming 
source and drain impurity doped regions 
(3,33,35,103,161,162) in said semiconductor 
layer and a channel region (34) therebetween; 
wherein the formation of said oxide layer 
(10,40,110,158) provides offset regions in said 
channel region (34) adjacent said oxide layer, 
characterised in that said step of anodic oxidiz- 
ing includes anodic oxidizing upper surfaces of 
said gate electrode and in that, said method fur- 
ther comprises controlling the size of said offset 
regions by controlling the thickness of said ox- 
ide layer. 

2. The method of claim 1 further comprising: 

forming an insulating film (41 ) on said surface 


(1) over said gate electrode (25); and 
forming at least one contact hole (42) over one 
of said source and drain regions (33,35) in said 
insulating film (41) with a side surface of said 
5 contact hole (42) located substantially on a side 

surface of said oxide layer (40). 

3. The method of claim 2 wherein said contact hole 
forming step is carried out with said gate electrode 

10 (25) and said oxide layer (40) as a mask. 

4. The method of claim 2 wherein said contact hole 
forming step is carried out to leave the insulating 
film (41 ) on an upper surface of said gate electrode 

is (25) by use of a photomask (31 ). 

6. The method of claim 4 wherein the insulating film 
(41) is left on said upper surface of said gate elec- 
trode (25) with said oxide layer (40) extending ther- 
20 ebetween by said contact hole forming step. 

6. The method of any preceding claim wherein said 
semiconductor layer forming step is carried out by 
forming a silicon semiconductor layer (23) contain- 

25 jng hydrogen therein on said surface (1) and sub- 
sequently crystallizing said silicon semiconductor 
layer (23) by thermal treatment. 

7. The method of claim 1 further comprising: 

30 

forming an insulating film (11 2) on said gate in- 
sulating layer (6,106) over said gate electrode 
(8,108); 

selectively removing the insulating film (112) 
35 and the gate insulating layer (6,106) by aniso- 

tropic etching to leave a portion (113) of the in- 
sulating film (112) and the gate insulating layer 

(6.106) around a side of said gate electrode 
(6.108); 

40 selectively removing the semiconductor layer 

(2,102) by etching with said gate electrode 
(8,108), said oxide layer (10,110) and the re- 
maining portion (11 3) of the insulating film (112) 
as a mask; 

4$ exposing a portion (103) of the semiconductor 

layer (2.1 02) provided under the remaining por- 
tion (113) of the insulating film (112) by remov- 
ing the remaining portion of the insulating film 
and a portion of the gate insulating layer (6, 1 06) 

so provided under the remaining portion (113) of 

the insulating film (112) by etching; 
forming a conductive layer (7, 107) on said sur- 
face (1,101) over said oxide layer (10,110) and 
the exposed portion (103) of the semiconductor 

55 layer (2,102); and 

patterning said conductive layer (7,107) with a 
mask to form source and drain electrodes 

(7.107) which extend on said oxide layer 
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(10,110) and are in contact with upper and side 
surfaces of the exposed portion (103) of the 
semiconductor layer (2,102). 

8. The method of claim 7 wherein said step of intro- 
ducing dopant impurities comprises implanting im- 
purities into exposed portions (103) of the semicon- 
ductor layer (2,102) to form said source and drain 
regions (3,33,35,103,161,162) therein. 

9. The method of claim 7 wherein said step of intro- 
ducing dopant impurities comprises implanting im- 
purities into the semiconductor layer (2,102) with 
said oxide layer (1 0,1 10) as a mask before said in- 
sulating film forming step. 

10. The method of claim 1 wherein said step of forming 
a semiconductor layer (2, 1 02) comprises forming a 
semiconductor island (130) on said surface (151) 
and said method further comprises: 

selectively removing the gate insulating layer 
(153) with said gate electrode (155) and said 
oxide layer (158) as a mask; 
forming an insulating film on said surface (151 ) 
over said oxide layer (1 58); 
selectively removing the insulating film by ani- 
sotropic etching to leave a remaining portion 
(166) of the insulating film around a side of said 
gate electrode (155); 

selectively removing the semiconductor island 
(130) by etching with said gate electrode (155), 
said oxide layer (1 58) and the remaining portion 
(166) of the insulating film as a mask; 
removing the remaining portion (166) of the in- 
sulating film by etching to expose a portion 
(160,161) of the semiconductor island (130) 
provided under the remaining portion (166) of 
the insulating film; 

forming a conductive layer (167,168) on said 
surface (151) over the exposed portion 
(160.161) of the semiconductor island (130); 
and 

patterning said conductive layer with a mask to 
form source and drain electrodes (167,168) 
which extend on said oxide layer (158) and are 
in contact with the exposed portion (160,161) 
of the semiconductor island (130). 

11. The method of any preceding claim, wherein said 
step of forming a gate electrode (8,25,108,155) 
comprises forming a metal alloy gate electrode or a 
metal/silicon laminate wire gate electrode. 

1 2. The method of any preceding claim, wherein the for- 
mation of said oxide layer (10,40,110,158) is con- 
trolled to provide an oxide layer having a thickness 
in the range 10nm to 50nm. 


13. The method of any preceding claim, further com- 
prising forming a buffer layer (154) between said 
gate insulating layer (6,27,106,153) and said metal 
gate electrode (8,25,108.155). 

s 

14. A semiconductor device comprising: 

a semiconductor layer (2,23,1 02,1 30) on an in- 
sulating surface (1 ,101 ,151 ), saidsemiconduc- 
10 tor layer (2,23, 1 02, 1 30) comprising source and 

drain impurity doped regions 
(3,33,35,103,161.162) and a channel region 
(34) therebetween; 

a gate insulating layer (6,27,106,153) on said 
is semiconductor layer (2, 23, 1 02, 1 30). 

a metal gate electrode (8, 25, 108, 155) on said 
gate insulating layer (6,27. 1 06, 1 53) adjacent to 
said channel region; 

an anodic oxide layer ( 1 0,40. 1 1 0, 1 58) compris- 
20 ing said gate metal formed on side surfaces of 

said gate electrode (8,25,108,155); 
wherein said channel region (34) includes off- 
set regions adjacent said anodic oxide layer 
(10,40,110,158) the size of said offset regions 
2S being determined by the thickness of said oxide 

layer characterised in that said anodic oxide 
layer is also formed on upper surfaces of said 
gate electrode. 

30 15. The semiconductor device of claim 1 4 wherein said 
device further comprises source and drain elec- 
trodes (7,43,52,53) connected to said source and 
drain regions (3,33,35,103,161,162) respectively. 

35 16. The semiconductor device of claim 15 wherein a 
side of at least one of said source and drain elec- 
trodes (7,43,52,53) is substantially aligned with a 
side of said oxide layer (10,40,110,158). 

40 17. The semiconductor device of claim 16 wherein 
sides of both of said source and drain electrodes 
(7,43,52,53) are substantially aligned with sides of 
said oxide layer (10,40,110,156). 

4$ 18. The semiconductor device of any of claims 1 5 to 1 7 
wherein said oxide layer (10,40,110,158) is in con- 
tact with said gate electrode (8.25.108,155) and 
said at least one of said source and drain electrodes 
(7,43,52,53). 

50 

1 9. The semiconductor device of any of claims 1 4 to 1 8 
wherein a side of one of said source and drain re- 
gions (3,33,35,103,161,162) is aligned with a side 
of said oxide layer (10.40,110,158). 

66 

20. The semiconductor device of any of claims 1 4 to 1 9 
wherein said gate electrode (8,25,108,155) is dis- 
tant from one of said source and drain regions 
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(3,33,35,103, 161 ,162) substantially by a thickness 
of said oxide layer (10,40,110,158) in a direction 
from one of said source and d rain regions to the oth- 
er of said source and drain regions. 

21. The semiconductor device of claim 1 5 or any claim 
dependent thereon wherein said source and drain 
electrodes (7,43,52,53) extend on said upper sur- 
face of said oxide layer (10,40,110,158). 

22. The semiconductor device of claim 15 or any claim 
dependent thereon wherein sakj semiconductor 
layer (2,23,102,130) is provided on a substrate 
(1,150), said source and drain electrodes 
(7,43,52,53) are provided on said substrate and 
side surfaces of said source and drain regions 
(3,33,35,103,161,162) are side surfaces of said 
semiconductor layer. 

23. The semiconductor device of any of claims 1 4 to 22, 
wherein said gate electrode (8,25,108,155) com- 
prises a metal alloy or a metal/silicon laminate wire. 

24. The semiconductor device of any of claims 1 4 to 23, 
wherein the thickness of said oxide layer is in the 
range of 10nm to 50nm. 

25. The semiconductor device of any of claims 1 4 to 24, 
further comprising a buffer layer (154) formed be- 
tween the gate electrode (8,25,108,155) and the 
gate insulating layer (6,27,106,153). 

26. An electro-optical device incorporating one or more 
devices as claimed in any of claims 14 to 25. 


Patentanspruche 

1. Verfahren zur Herstellung einer Halbleitervorrich- 
tung, aufweisend: 

Ausbikten einer Halbleiterschicht (2, 23, 102, 
1 30) aut einer isolierenden Oberflache (1, 101, 
151), 

Ausbilden einer Gate-lsolierschicht (6, 27, 106, 
153) auf der Halbleiterschicht (2, 23, 102, 130) 
Ausbilden einer Metall-Gate-Elektrode (8, 25, 
108, 155) auf der Gate-lsofierschicht (6, 27, 
106. 153). 

anodische Oxidation von Seftenflachen der Ga- 
te-Etektrode zur Ausbitdung einer Anodenoxid- 
schicht (10, 40, 110, 155), die das datauf be- 
findliche Gate-Metall beinhaltet, und 
EinfQhren dotierender Storstoffe in Abschnitte 
(3, 33, 35, 103. 161, 162) der Halbleiterschicht 
(2. 23, 102, 130) nach selbstausrichtender Art 
bozuglich der Gate-Elektrode und der Oxid- 
schicht (10, 40, 110. 158), urn in der Halbleiter- 


schicht storstoffdotierte Source- und Drain-Be- 
reiche (3, 33, 35, 103, 161, 162) und zwischen 
diesen einen Kanalbereich (34) zu bikJen, 
wobei die Ausbildung der Oxidschtcht (10, 40, 
s 110, 158) in dem Kanalbereich (34). bei der 

Oxidschtcht Versatzbereiche liefert, 

dadjrch gekennzeichnet, daft der Schritt der 
anodischen Oxidation eine anodische Oxidation 
10 von oberen Oberflachen der Gate-Elektrode be- 
inhaltet und die GroBe der Versatzbereiche durch 
Steuerung der Dicke der OxidschEcht gesteuert 
wird. 

is 2. Verfahren nach Anspruch 1 1 aufweisend: 

Ausbilden eines Isolierfilms (41) auf der ge- 
nannten Oberflache (1) uber der Gate-Elektro- 
de (25), und 

20 Ausbilden mindestens eines Kontaktlochs (42) 

in dem Isolierfilm (41 ) uber dem Source- Oder 
dem Drain-Bereich (33, 35), wobei eine Seiten- 
flache des Kontaktlochs (42) im wesent lichen 
auf einer Seitenftache der Oxidschicht (40) 

2S liegt. 

3. Verfahren nach Anspruch 2. wobei der Schritt zur 
Ausbildung des Kontaktlochs mit der Gate-Elektro- 
de (25) und der Oxidschicht (40) als Masks durch- 

30 gefuhrt wird. 

4. Verfahren nach Anspruch 2, wobei der Schritt zur 
Ausbildung des Kontaktlochs unter Belassung des 
Isolierfilms (41) auf einer oberen Oberflache der 

35 Gate-Elektrode (25) durchgef Qhrt wird, indem eine 
Photomaske (31) verwendet wird. 

5. Verfahren nach Anspruch 4, wobei der Isolierfilm 
(41 ) bei dem Schritt zur Ausbildung des Kontakt- 

40 lochs auf der oberen Oberflache der Gate-Elektro- 
de (25) be lass en wird und die Oxidschicht (40) zwi- 
schen diesen vertauft. 

6. Verfahren nach einem dervorhergehenden AnsprO- 
45 che, wobei der Schritt zur Ausbildung der Halblei- 
terschicht durch Ausbilden einer Wasserstoff ent- 
haltenden Silizium-hialbleiterschicht (23) auf der 
Oberflache (1) und nachfotgendes Kristallisieren 
der Silizium-Halbleiterschicht (23) mittels einer 

so Warmebehandlung durchgef Qhrt wird. 

7. Verfahren nach Anspruch 1, aufweisend: 

Ausbilden eines Isolierfilms (112) auf der Gate- 
ss Isolierschtcht (6, 1 06) uber der Gate-Elektrode 

(8, 108), 

auegewahltes Entfemen des Isolierfilms (112) 
und der Gate-lsolierschicht (6, 106) mittels an- 
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isotropen Atzens untar Belassung eines Ab- 
schnitts (1 1 3) des Isolierfilms (112) und der Ga- 
te-lsolierschicht (6, 106) urn eine Serte der Ga- 
te-Elektrode (8, 108), 

ausgewahltes Entfemen der Halbleiterschicht s 
(2, 1 02) durch Atzen mit der Gate-Elektrode (8. 
1 08), der Qxidschicht (1 0, 1 1 0) und des verblie- 
benen Abschnitts (113) des Isolierfilms (112) 
als Maske, 

Freilegen eines Abschnitts ( 1 03) der Hatbleiter- io 
.schicht (2, 102) unter dem verbliebenen Ab- 
schnitt (113) des Isolierfilms (112), indem der 
verbliebene Abschnitt des Isolierfilms und ein 
Abschnitt der Gate-lsolierschicht (6, 1 06) unter 
dem verbliebenen Abschnitt (113) des Isolier- ?s 
films (112) durch Atzen entfernt werden, 
Ausbilden einer leitfahigen Schicht (7, 107) auf 
der genannten Oberflache (1, 101) Ober der 
Oxidschicht (10,11 0) und dem f reigelegten Ab- 
schnitt (1 03) der Halbleiterschicht (2, 1 02), und 
Strukturieren der leitfahigen Schicht (7, 107) 
mittels einer Maske, urn Source- und Drain- 
Elektroden (7, 107) auszubilden, die auf der 
Oxidschicht (10, 110) verlaufen und sich in 
Kontakt mit der oberen Flache und den Seiten- 
flachen des f reigelegten Abschnitts (103) der 
Halbleiterschicht (2, 102) befinden. 

8. Verfahren nach Anspruch 7, wobei der Schritt zur 
Einf Ohrung dot ie render Storstoffe das Implantieren 3o 
von Storstoffen in freigelegte Abschnitts (103) der 
Halbleiterschicht (2, 102) beinhaltet, um darin die 
genannten Source- und Drain-Bereiche (3, 33, 35, 
103, 161, 162) auszubilden. 


9. Verfahren nach Anspruch 7, wobei der Schritt zur 
Einf Ohrung dotierender Storstoffe das Implantieren 
von Storstoffen in die Halbleiterschicht (2, 102) un- 
ter Verwendung der Oxidschicht (1 0, 1 1 0) als Mas- 
ke vor dem Schritt zur Ausbildung des Isotierfilms 
umfaBt. 

10. Verfahren nach Anspruch 1, wobei der Schritt des 
Ausbildens einer Halbleiterschicht (2, 102) das 
Ausbitden einer Halbleiterinsel (130) auf der ge- 
nannten Oberflache (151) beinhaltet und das Ver- 
fahren aufterdem aufweist: 

ausgewahltes Entfemen der Gate-lsolter- 
schicht (153) mittels der Gate-Elektrode (155) 
und der Oxidschicht (156) als Maske, 
Ausbilden eines Isolierfilms auf der genannten 
Oberflache (151) Ober der Oxidschicht (158), 
ausgewahltes Entternen des Isolierfilms durch 
an isot ropes Atzen unter Belassung eines ver- 
bteibenden Abschnitts (1 66) des Isolierfilms um 
eine Seite der Gate- Elektrode (155), 
ausgewahltes Entfemen der Halbleiterinsel 


(130) durch Atzen mittels der Gate-Elektrode 
(1 55), der Oxidschicht (1 58) und des verbliebe- 
nen Abschnitts (166) des Isolierfilms als Mas- 
ke, 

Entfemen des verbliebenen Abschnitts (166) 
des Isolierfilms durch Atzen, um einen Ab- 
schnitt (160, 161) der Halbleiterinsel (130) un- 
ter dem verbliebenen Abschnitt (1 66) des Iso- 
lierfilms freizulegen, 

Ausbilden einer leitfahigen Schicht (167, 168) 
auf der Oberflache (151) Ober dem f reigelegten 
Abschnitt (160, 161) der Halbleiterinsel (130), 
und 

Strukturieren der leitfahigen Schicht mittels ei- 
ner Maske, um Source- und Drain-Elektroden 
(167, 168) zu bilden, die auf der Oxidschicht 
(1 58) verlaufen und sich in Kontakt mit dem frei- 
gelegten Abschnitt (160, 161) der Hatoleiterin- 
sel (130) befinden. 

1 1 . Verfahren nach ©inem der vorhergehenden Anspru- 
che, wobei der Schritt zur Ausbildung einer Gate- 
Elektrode (8, 25, 108, 155) die Ausbildung einer 
Metallegierungs-Gate-Elektrode Oder einer Metall/ 
Silizium-Laminatleitungs-Gate-Elektrode beinhal- 
tet. 

1 2. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Ausbildung der Oxidschicht (10, 40, 
110, 158) so gesteuert wird, daft eine Oxidschicht 
einer Dtcke im Bereich von I0nm bis 50nm vorge- 
sehen wird. 

1 3. Verfahren nach einem dor vorhergehenden Anspru- 
35 che, mit dem Ausbilden einer Pufferschicht (154) 

zwischen der Gate-lsolierschicht (6, 27, 106, 153) 
und der Metall-Gate-Elektrode (8, 25, 108, 155). 


14. Halbleitervorrichtung, aufweisend: 

eine Halbleiterschicht (2, 23, 102, 130) auf ei- 
ner Isoliefflache (1 , 101 , 151), wobei die Halb- 
leiterschicht (2. 23, 102, 130) stdrstoffdotierte 
Source- und Drain-Bereiche (3, 33, 35, 103, 
161, 162) sowie einen Kanalbereich (34) zwi- 
schen diesen aufweist, 

eine Gate-lsolierschicht (6, 27, 106, 153) auf 
der Halbleiterschicht (2, 23, 102, 130), 
eine Metall-Gate-Elektrode (8, 25, 108, 155) 
auf der Gate-lsolierschicht (6, 27, 106, 1 53) bei 
dem Kanalbereich, 

eine Anodenoxidschicht (10, 40, 110, 158) mit 
dem genannten Gate-Metatl, ausgebildet auf 
Seitenflachen der Gate-Elektrode (8, 25. 108, 
155), 

wobei der genannte Kanalbereich (34) bei der 
Anodenoxidschicht (1 0. 40, 1 1 0, 1 58) Versatz- 
ereiche beinhaltet, deren GrofJe von der Dicke 
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derOxidschicht bestimmt ist, 

dadurch gekennzeichnet, daB did Anoden- 
oxidschicht auch auf oberen Oberflachen der Gate- 
Elektrode ausgebildet ist. 

IB. Vorrichtung nach Anspruch 14, mit Source- und 
Drain Elektroden (7, 43, 52, 53), die entsprechen- 
derweise mit den Source- und Drain-Bereichen (3, 
33, 35, 103, 161 , 162) verbunden sind. 

16. Vorrichtung nach Anspruch 15, wobei eine Seite 
mindestens einer der Source- und Drain-Elektro- 
den (7, 43, 52, 53) im wesentlichen zu einer Seite 
der Oxidschicht (10. 40, 110, 158) ausgerichtet ist. 

1 7. Vorrichtung nach Anspruch 1 6, wobei die Seiten so- 
won I der Source- ais auch der Drain Elektrode (7, 
43. 52. 53) im wesentlichen zu den Seiten der Oxid- 
schicht (10, 40, 110. 158) ausgerichtet sind. 

18. Vorrichtung nach einem der Anspruch© 15 bis 17, 
wobei sich die Oxidschicht (1 0, 40, 1 1 0 ( 1 58) in Kon- 
takt mit der Gate-Elektrode (8. 25. 108, 155) und 
der genannten mindestens einen der Source- und 
Drain-Elektroden (7, 43, 52, 53) befindet. 

19. Vorrichtung nach etnem der AnsprOche 14 bis 18, 
wobei eine Seite eines der Source- und Drain-Be- 
reiche (3, 33, 35, 103, 161, 162) zu einer Seite der 
Oxidschicht (10, 40, 110, 158) ausgerichtet ist. 

20. Vbrrichtung nach einem der AnsprOche 14 bis 19, 
wobei die Gate-Elektrode (8, 25, 108, 155) von ei- 
nem der Source-und Drain-Bereiche (3, 33, 35, 
103, 161 , 162) im wesentlichen die Dicke der Oxid- 
schicht (10, 40, 110, 158) in Richtung von einem 
zum anderen der Source- und Drain-Bereiche als 
Abstand aufweist. 

21. Vorrichtung nach Anspruch 15 oder etnem der da- 
von abhangigen AnsprOche, wobei die Source- und 
Drain-Elektroden (7, 43, 52, 53) im wesentlichen 
auf der oberen Oberflache der Oxidschicht (10, 40, 
110, 158) verlaufen. 

22. Vorrichtung nach Anspruch 15 Oder einem der da- 
von abhangigen AnsprOche, wobei die Oxidschicht 
(2, 23, 102, 130) auf einem Substrat (1. 150) vor- 
gesehen ist, die Source- und die Drain-Elektrode (7, 
43, 52, 53) auf dem Substrat vorgesehen sind und 
Seitenflachen der Source- und Drain-Bereiche (3, 
33, 35, 103, 161, 162) Seitenflachen der Halbleiter- 
schicht darstellen. 

23. Vorrichtung nach etnem der AnsprOche 14 bis 22, 
wobei die Gate-Elektrode (8, 25, 1 08, 1 55) eine Me- 
tallegierungsleitung oder eine Metall/Silizium-Lami- 


natleitung beinhaftet. 

24. Vorrichtung nach einem der AnsprOche 14 bis 23, 
wobei die Dicke der Oxidschicht im Bereich von 

s lOnm bis 50nm liegt 

25. Vorrichtung nach einem der AnsprOche 14 bis 24, 
mit einer zwischen der Gate-Elektrode (8, 25, 108, 
155) und der Gate-lsolierschicht (6, 27, 106, 153) 

10 ausgebildeten Pufforschtcht (154). 

26. Elektrooptische Vorrichtung mit einer oder mehre- 
ren vbrrichtungen nach einem der AnsprOche 14 bis 
25. 

75 

Revindications 

1 . Precede de fabrication d'un composant a semicon- 
20 ducteur comprenant : 

la formation d* une couche a semtconducteur (2, 
23, 102. 130) our une surface isolante (1, 101, 
151); 

25 ia formation d'une couche isolante de grille (6, 

27, 106, 1 53) sur ladite couche a semiconduc- 
teur(2, 23, 102,130); 

la formation d'une electrode de grille metallique 
(6, 25, 108, 155) sur ladite couche isolante de 

30 grille (6, 27, 106, 153); 

foxydation anodique des surfaces laterales de 
ladite electrode de grille pour former une cou- 
che d'oxyde anodique (10, 40, 110. 155) com- 
prenant (edit metal de grille sur cette demiere ; 

3S ex 

('introduction cfimpuretes de do page dans des 
parties (3, 33, 35, 1 03, 161 , 1 62) de iadite cou- 
che a semiconducteur (2, 23, 102, 130) d'une 
maniere auto-alignee par rapport a ladite elec- 

40 trode de grille et a ladite couche d'oxyde (10, 

40, 1 1 0, 1 58), f ormant, de ce fait, des zones do- 
pees en impuretes de source et de drain (3. 33, 
35, 103, 161 , 162) dans ladite couche a semi- 
conducteur et dans une zone de canal (34) en- 

4S tre elles ; 

dans lequel la formation de ladite couche 
d'oxyde (10, 40, 110, 158) realise des zones dece- 
ives dans ladite zone de canal (34) acQacente a la- 

so elite couche cfoxyde, cariactdrise en ce que ladite 
etape d'oxydatton anodique comprend foxydation 
anodique de surfaces supdrieures de ladite electro- 
de de grille et en ce que, iedit procedd comprend, 
de plus, la matt rise de la taille desdites zones de- 

55 calees en mattrisant fepaisseur de ladite couche 
cfoxyde. 

2. Precede selon la revendication 1 , comprenant, de 
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plus : 

la formation d'un film isolant (41 ) sur ladite sur- 
face (1) au-dessus de tadile electrode de grille 
(25) ; et s 
la formation d'au moins un trou de contact (42) 
au-dessus d'un© desdites zones de source et 
de drain (33, 35) dans leditfilm isolant (41 ) avec 
une surface taterale dudit trou de contact (42) 
situde eensiblement sur une surface taterale de to 
ladite couche d'oxyde (40). 

3. Precede selon la revendication 2, dans lequel ladite 
etape de formation de trou de contact est execute© 
avec ladite electrode de grille (25) et ladite couche is 
d'oxyde (40) en tant que masque. 


4. Precede selon la revendication 2, dans lequel ladite 
6tape de formation de trou de contact est executed 
pour laisser le film isolant (41 ) sur une surface su- 
perieure de ladite Electrode de grille (25) par I'utili- 
satton d'un masque de photogravure (31). 

5. Procedd selon la revendication 4, dans lequel le film 
isolant (41 ) est laiss6 sur ladite surface superieura 
de ladite electrode de grille (25), ladite couche 
d'oxyde (40) s'elendant entre etles par ladite 6tape 
de formation de trou de contact. 

6. Proceed selon Tune quelconque des revendicatkxis 
precedentes, dans lequel ladite £tape de formation 
de couche a semiconducteur est executes en for- 
mant une couche a semiconducteur de silicium (23) 
contenant de I'hydrogene en son sein sur ladite sur- 
face (1) et en cristallisant ensuite ladite couche a 
semiconducteur de silicium (23) par un traitement 
thermique. 


la partie restante du film isolant et una partie de 
la couche isolante de grille (6, 106) disposes 
sous la partie restante (113) du film isolant 
(112) parattaque ; 

la formation d'une couche conductnee (7,107) 
sur ladite surface (1 , 101) au-dessus de ladite 
couche d'oxyde (10, 110) et de la partie expo- 
see (103) de la couche a semiconducteur (2, 
102) ; et 

la formation de motifs de ladite couche conduc- 
trice (7, 1 07) avec un masque pour former des 
Electrodes de source et de drain (7, 107) qui 
s'etendent sur ladite couche d'oxyde (10, 110) 
et qui sont en contact avec des surfaces supe- 
rieures et laterales de la partie exposes (103) 
de la couche a semiconducteur (2, 102). 

8. Precede selon la revendication 7, dans lequel ladite 
etape d'introduction d'impuretes de dopage com- 
20 prend ('implantation d'impuretes dans des zones 
exposees (103) de la couche a semiconducteur (2, 
102) pour former lesdites zones de source et de 
drain (3, 33, 35, 103, 161, 162) en son sein. 

25 g. Procede selon la revendication 7, darts lequel ladite 
etape d'introduction d'impuretes de dopage com- 
prend ('implantation d'impuretes dans la couche a 
semiconducteur (2, 102), ladite couche d'oxyde (10, 
110) servant de masque, avant ladrte etape de tor- 
so mat km de film isolant. 

10. Proc6d6 selon la revendication 1 , dans lequel ladite 
6tape de formation d'une couche a semiconducteur 
(2, 102) comprend la formation d'un Hot semicon- 
35 ducteur (130) sur ladite surface (151) et ledit pro- 
ced6 comprend, de plus : 

('enlevement, de maniere selective, de la cou- 
che isolante de grille (153), ladite Electrode de 
grille (155) et ladite couche d'oxyde (156) ser- 
vant de masque ; 

(a formation d'un film isolant sur ladite surface 
(151) au-dessus de ladite couche d'oxyde 
(158); 

("enlevement, de maniere selective, du film iso- 
lant par attaque anisotrope pour laisser une 
partie restante (166) du film isolant autour d'un 
cdte de ladite electrode de grille (155) ; 
^enlevement, de maniere selective, de ITIot 
semiconducteur (130) par une attaque, ladite 
electrode de grille (155), ladite couche d'oxyde 
(158) et la partie restante (166) du Him isolant 
servant de masque ; 

Penlevement de la partie restante (166) du film 
isolant par une attaque pour exposer une partie 
(1 60, 1 61 ) de ITIot semiconducteur (1 30) dispo- 
se sous la partie restante (166) du film isolant ; 
la formation d'une couche conductnee (167, 


7. Precede selon ta revendication 1 , comprsnant, de 
plus : 40 

la formation d'un film isolant (112) sur ladite 
couche Isolante de grille (6, 106) au-dessus de 
ladite Electrode de grille (8, 108) ; 
['enlevement, de maniere selective, du film iso- 45 
lant (112) et de la couche isolante de grille (6, 
1 06) par une attaque anisotrope pour laisser 
une partie (113) du film isolant (112) et la cou- 
che isolante de grille (6, 106) autour d'un cdte 
de ladite Electrode de grille (8, 1 08) ; so 
Penlevement, de maniere selective, de ta cou- 
che a semiconducteur (2, 102) par une attaque, 
ladrte electrode de grille (8, 108), ladite couche 
d'oxyde (10, 110) et la partie restante (113) du 
film isolant (1 1 2) servant de masque ; 55 
reposition d'une partie (103) de la couche a 
semiconducteur (2, 102) disposes sous la par- 
tie restante (11 3)du film isolant (1 1 2) en ret i rant 
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168) sur tadite surface (151) au-dessus de la 
partie exposee (1 60, 161 ) de I'Tlot semiconduc- 
teur (130); et 

la formation de motifs do ladite couche conduc- 
trice avec un masque pour former des electro- 
des de source et de drain (167, 168) qui e'eten- 
dent sur ladite couche cfoxyde (158) et qui sont 
en contact avec la partie expos ee (160, 161) 
de mot semiconducteur (130). 

1 1 . Procede selon I'une quelconque des revendications 
pr6cedentes, dans lequel ladite etape de formation 
cfune electrode de grille (8, 25, 108, 155) comprend 
fa formation d'une electrode de grille d'alliage m6- 
tallique ou d'une electrode de grille a til (amine de 
m6tal/siltcium. 

1 2. Procede selon Tune quelconque des revendications 
precedentes, dans lequel la formation de ladite cou- 
che cfoxyde (10, 40, 110, 158) est commanded pour 
donner une couche d'oxyde ayant une epaisseur 
dans la plage de 10 nm a 50 nm. 

1 3. Procedd selon Tune quelconque des revendications 
precedentes, comprenant, de plus, la formation 
d'une couche tampon (154) entre ladite couche iso- 
tante de grille (6, 27. 106. 153) et ladite electrode 
de grille metallique (8, 25, 108, 155). 

14. Composant a semiconducteur, comprenant : 

une couche a semiconducteur (2, 23, 1 02, 1 30) 
sur une surface isolante (1, 101, 151), tadite 
couche a semiconducteur (2, 23. 102, 130) 
comprenant des zones (3, 33, 35, 103, 161, 
162) dopees en impuretes de source et de drain 
et une zone de canal (34) entre eltes ; 
une couche isolante de grille (6, 27, 106, 153) 
eur tadite couche k semiconducteur (2, 23, 1 02, 
130), 

une electrode de grille metallique (8, 25, 108, 
155) sur tadite couche isolante de grille (6, 27, 
106, 1 53) adjacente a ladite zone de canal ; 
une couche cfoxyde anodique (10, 40, 110, 
158) comprenant ledit metal de grille forme sur 
des surfaces tatdrales de ladite electrode de 
grille (8,25, 108, 155); 
dans lequel ladite zone de canal (34) comprend 
des zones decaiees adjacentes a ladite couche 
cfoxyde anodique (10, 40, 110, 158), la taille 
desdites zones decaiees etant determines par 
repaisseur de ladite couche cfoxyde, caracte- 
rise en ce que ladite couche d'oxyde anodique 
est egalement formee sur des surfaces supe- 
rieures de ladite electrode de grille. 

16. Composant a semiconducteur selon la revendica- 
tion 14. dans lequel ledit composant comprend, de 


plus, des electrodes de source et de drain (7, 43, 
52, 53) respectivement reliees auxdites zones de 
source et de drain (3, 33, 35, 103, 161, 162). 

5 16. Composant a semiconducteur selon la revendica- 
tion 1 5, dans lequel un cote cfau moins une desdites 
electrodes de source et de drain (7, 43, 52, 53) est 
sensiblement aligns avec un cote de ladite couche 
cfoxyde (10, 40, 110, 158). 

70 

17. Composant a semiconducteur selon la r even di ca- 
tion 16, dans lequel des c0t6s des deux electrodes 
de source et de drain (7. 43, 52, 53) sont sensible- 
ment alignes avec des cotes de ladite couche d'oxy- 

1S de(10, 40, 110, 158). 

18. Composant a semiconducteur selon rune quelcon- 
que des revendications 15 a 17, dans lequel ladite 
couche cfoxyde (10, 40. 110, 158) est en contact 

20 avec ladite electrode de grille (8, 25, 108, 155) et 
ladite au moins une desdites electrodes de source 
et de drain (7, 43, 52, 53). 

19. Composant a semiconducteur selon fune quelcon- 
2S que des revendications 1 4 & 1 8, dans lequel un cote 

cfune des zones de source et de drain (3, 33, 35, 
1 03, 1 61 , 1 62) est alignd avec un cdt6 de ladite cou- 
che d'oxyde (10, 40, 110, 158). 

30 20. Composant a semiconducteur selon Cune quelcon- 
que des revendications 1 4 a 1 9, dans lequel ladite 
electrode de grille (8, 25, 108, 155) est distante de- 
puis fune desdites zones de source et de drain (3, 
33, 35, 103, 161, 162) sensiblement cfune epais- 

3S seur de ladite couche d'oxyde (10, 40, 110, 158) 
dans un sens depuis fune desdites zones de source 
et de drain jusqu'a I'autre desdites zones de source 
et de drain. 

40 21. Composant a semiconducteur selon la revendica- 
tkxi 15 ou selon fune quelconque des revendica- 
tions dependantes de cette derniere, dans lequel 
lesdites electrodes de source et de drain (7, 43, 52, 
53) s'etendent sur ladite surface superieure de la- 

45 dite couche cfoxyde (1 0, 40. 1 1 0, 1 58). 

22. Composant a semiconducteur selon la revendica- 
tton 15 ou selon Pune quelconque des revendica- 
tions dependantes de cette derniere, dans lequel 

so ladite couche a semiconducteur (2, 23, 102, 130) 
est disposes sur un substrat (1 , 150), lesdites elec- 
trodes de source et de drain (7, 43, 52, 53) sont dis- 
posees sur ledit substrat et des surfaces Iat6rates 
desdites zones de source et de drain (3, 33, 35, 1 03, 

ss 1 61 , 1 62) sont des surfaces tat6rates de ladite cou- 
che a semiconducteur. 

23. Composant a semiconducteur seton Pune quetaon- 
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que des revendications 14 a 22, dans lequel lad It e 
Electrode de grille (8, 25, 108, 155) comprend un 
alliage mdtailique ou un fit lamina de m6tal/silicium. 

24. Composant a semiconducteur selon Tune quelcon- s 
que des revendications 1 4 a 23, dans lequel I'dpais- 
seur de ladite couche d'oxyde est dans la plage de 

1 0 nm a 50 rim. 

25. Composant a semiconducteur selon I'une quelcon- 10 
que des revendications 14 a 24, comprenant, de 
plus, une couche tampon (154) formee entre I'elec- 
trode de grille (8. 25, 1 08, 1 55) et la couche isolante 

de grille (6, 27, 106, 153). 

is 

26. Dispositif optoelectronique incorporant un ou plu- 
sieurs composants selon i'une quelconque des re- 
vendications 14 a 25. 
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FIG. 3(A) NTFT 
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FIG. 3(G) 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7(A) 


FIG. 7(B) 
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FIG. 7(E) 
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FIG. 8(A) 
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FIG. 8(C) 
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FIG. 9(A) 
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FIG. 11(A) 
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